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16.  Abstract 

^The  incidence  of  motion  sickness  in  a large  (N  = 3,618)  college  population  was  deter- 
mined by  means  of  a questionnaire.  Significantly  greater  proportions  of  men  than 
women  had  low  susceptibility  scores;  significantly  greater  proportions  of  women  had 
high  susceptibility  scores.  Comparisons  of  MSQ  scores  were  made  with  other  self- 
assessments,  age  changes,  motion  experiences,  familial  susceptibility,  use  of  motion 
sickness  medication,  muscular  coordination,  willingness  to  participate  in  motion 
experiments,  flying  experience,  phobias,  visual  motion  effects,  and  use  of  alcohol. 
MSQ  scores  were  next  used  to  select  groups  of  highly  susceptible  and  nonsusceptible 
subjects  (12  men  and  12  women  in  each  group)  to  assess  the  relationships  of  motion 
sickness  susceptibility  to  laboratory  measures  of  vestibular  function  and  duration  of 
the  spiral  aftereffect.  When  subjective  alertness  levels  were  controlled,  there  was 
no  enhancement  of  either  elicited  nystagmus  or  turning  sensations  in  comparing 
susceptible  with  nonsusceptible  individuals.  MSQ  scores  were  also  used  to  select  an 
additional  25  men  and  25  women  for  each  of  the  two  categories  of  susceptibility. 

These  subjects  were  tested  on  at  least  three  but  not  more  than  six  of  the  following 
eight  tests:  Floor  Ataxia  Test  Battery,  State-Trait  Anxiety  Inventory,  Menstrual 

Distress  Questionnaire,  Cornell  Medical  Index,  Cornell  Word  Form,  Eysenck  Personality 
Inventory , Rotter  Internal-External  Locus  of  Control  Scale,  and  the  16  Personality  — 
Factors  testr— AThe  consistent  and  significant  patterns  of  results  from  t+tesc/tests 
are  discussed^in  terms  of  the  personality  characteristics  that  generally  distinguish 
those  highly  susceptible  from  those  nonsusceptible  to  motion  sickness.. 
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MOTION  SICKNESS  SUSCEPTIBILITY  AND  RELATED  BEHAVIORAL 
CHARACTERISTICS  IN  MEN  AND  WOMEN 

.!.  Michael  Ixuitz,  Ph.D. 

William  K.  Collins,  I’h.I). 


I.  Introduction. 

Of  the  multiple  methods  used  to  assess  motion 
sickness  susceptibility,"  the  questionnaire  ap- 
proach has  been  shown  to  yield  reasonably  valid 
results-  and  is  clearly  the  easiest  technique  to 
employ.  Several  motion  sickness  history  ques- 
tionnaires1 7 " have  lieen  considered  for  military 
application,  primarily  to  predict  attrition  from 
flight  training  programs.  In  particular,  the 
Pensacola  Motion  Sickness  Questionnaire7  has 
lieen  used  in  a multiple  prediction  formula  to 
estimate  a candidate's  likelihood  of  success  in 
naval  flight  training. 

In  other  than  military  settings,  where  indi- 
viduals form  relatively  select  groups  because  of 
various  types  of  preliminary  screening,  motion 
sickness  questionnaires  (MSQ)  have  received 
only  meager  use.  The  most  noteahle  example  of 
a nonmilitary  MSQ  is  documented  in  a study 
by  Reason. who  administered  a short  motion 
sickness  questionnaire  to  150  men  anil  150  women 
at  the  University  of  laueester.  From  this 
sample,  he  concluded  that  women  reported  a 
greater  incidence  of  past  motion  sickness  than 
did  men  and  that  both  sexes  reported  a lower 
incidence  of  motion  sickness  following  the  age 
of  12. 

In  general.  MSQ's  have  not  been  subjected  to 
reliability  tests  and  have  randy  been  used  to 
examine  specific  features  associated  with  motion 
sickness  susceptibility. 

The  current  investigation  consisted  of  two 
phases,  the  first  of  which  determined  how  motion 
sickness  susceptibility  was  distributed  in  a rein 
lively  large  college  population.  Phis  survey  was 
similar  to  that  rejiorted  by  Reason.'7  although 
it  encompassed  a much  larger  sample  and  was 


used  to  provide  a source  of  potential  subjects  for 
a laboratory  study  of  vestibular  function.8  The 
second  phase,  which  included  a tcst-retest 
sample,  was  similar  to  our  first  survey  but  also 
incorporated  sets  of  items  designed  to  assess  the 
degree  to  which  certain  Induivioral  and  other 
characteristics  might  be  associated  with  motion 
sickness  suscept ibility. 

II.  Procedure. 

A.  .I/N(^  I.  MSQ  1 was  completed  by  2. big 
students  in  undergraduate  classes  at  three  local 
universities.  The  students  ranged  in  age  from 
It!  to  (12  (mean  22.0);  only  7 percent  were  HO 
vears  of  age  or  older.  Although  test  taking  was 
not  mandatory,  almost  all  classes  had  100-percent 
part  icipat  ion. 

MSQ  1.  a modified  version  of  a questionnaire 
developed  by  ltirren,4  was  scored  on  the  basis  of 
responses  to  20  items  concerned  with  the  i it* I i 
vidual's  lifetime  tendency  to  develop  motion 
sickness  in  it  variety  of  situations,  such  its  in  auto 
mobiles,  trains,  roller  coasters,  etc.  (see  I able  2 
for  a list  of  all  20  situations).  The  possible 
answers  for  each  item  and  the  numerical  weights 
used  to  score  those  answers  were:  never  sick  (0). 
rnrclv  sick  (1).  occasionally  sick  (2).  often  sick 
(it),  and  almost  always  sick  ( 4).  An  individual 
could  also  indicate  no  experience  in  a particular 
-it  mil  ion. 

Following  the  20  basic  items.  MSQ  1 had  three 
additional  questions:  In  general,  how  susceptible 
to  motion  sickness  are  you  t Have  you  ever  taken 
a medication  like  Dramamine  for  motion  sick 
ness ( Would  you  be  interested  in  being  a paid 
volunteer  in  an  experiment  that  involves  very 
mill)  mot  ion 


1 


IV.  Results. 


B.  M SQ  g.  MSQ  '2,  developed  as  a more  com- 
prehensive version  of  MSQ  1,  consisted  of  three 
sections.  The  first  section,  similar  to  MSQ  1, 
assessed  the  frequency  of  motion  sickness  as  well 
as  the  decree  of  experience  in  20  motion  situa- 
tions. The  second  section  assessed  motion  sick- 
ness tendencies  in  the  individual's  immediate 
family  as  well  as  the  individual's  general  sus- 
ceptibility to  motion  sickness  and  how  it  had 
changed  since  the  age  of  12.  and  it  included  other 
items  on  muscular  coordination,  phobias,  visual 
motion,  flying  experiences,  and  willingness  to  par- 
ticipate in  a motion  experiment.  The  third  sec- 
tion inquired  about  the  individual’s  experience 
with  alcohol. 

Students.  ranging  in  age  from  16  to  56  (mean 
20.5).  in  undergraduate  classes  at  a state  uni- 
versity were  subjects;  less  than  1 percent  were 
30  years  of  age  or  older.  .MSQ  2 was  admin- 
istered on  a test-retest  basis  with  an  interval  of 
6 to  8 weeks  between  sessions.  The  students  were 
instructed  to  complete  all  three  MSQ  sections 
on  their  original  testing  and  only  the  first  sec- 
tion of  20  items  on  the  retest.  The  original  test 
was  completed  by  1.072  students  and  548  com- 
pleted the  second  test  (no  attempt  was  made  to 
retest  all  classes)  ; a total  of  4)14  completed  both 
forms.  Thus,  responses  were  available  from  a 
total  of  l.lstl  students  for  the  first  section  of  the 
MSQ  2 questionnaire  and  from  1,072  students 
for  the  second  and  third  sections. 

III.  Statistical  Analyses. 

Responses  to  items  were  omitted  inconsistently 
and  only  occasionally.  Two  types  of  statistics 
were  applied  to  the  data;  correlation  coefficients 
and  X-  tests  of  significance  of  differences.  Dif- 
ferences were  considered  significant  at  proba- 
bility levels  of  .05  or  less. 

TABLE  1.  Distribution  € 


A.  Distribution  of  Scons.  Data  from  MSQ  1 
and  MSQ -2  were  combined  into  a single  distri- 
bution. Mean  scores  ranged  from  0 to  3.65  and 
were  arbitrarily  partitioned  into  nine  categories. 
There  were  significant  differences  ( /> < .00 1 ) in 
the  distribution  of  scores  for  men  aud  women 
with  a greater  percentage  of  men  than  women 
in  the  low  (least  susceptible)  MSQ  categories 
and.  conversely,  a smaller  percentage,  of  men  in 
the  high  (most  susceptible)  MSQ  categories. 
The  distributions  of  scores  for  men,  women,  and 
both  sexes  combined  appear  in  Table  1.  For 
some  later  analyses,  subjects  were  divided  into 
three  degrec-of-suscept ibility  groups  based  on 
the  nine  response  categories  of  MSQ  scores.  1 lie 
nonsuscept ible  subjects  were  those  individuals  in 
MSQ  category  1;  the  moderately  susceptible 
group  included  individuals  in  categories  2,  3.  4, 
and  5;  the  very  susceptible  group  comprised  in- 
dividuals in  MSQ  categories  6,  7.  8,  and  ft. 

B,  Tcst-ln  test  Reliability.  MSQ  2 was  con- 
ducted on  a test-retest  basis.  Based  on  434  sub- 
jects the  derived  reliability  coefficient  for  mean 
scores  on  the  20-item  section  was  0.84.  The  ques- 
tionnaire thus  yields  consistent  information. 

<’.  Self- Assessments.  Mean  MSQ  scores  from 
the  20  motion  situations  were  compared  with  the. 
subjects'  own  estimates  of  their  motion  sickness 
susceptibility  (In  general,  how  susceptible  to 
motion  sickness  are  you:  extremely,  very,  moder- 
ately, minimally,  not  all?).  The  mean  MSQ 
scores  for  all  subjects  and  their  estimates  (scored 
II  4)  of  susceptibility  were  significantly  corre- 
lated (/■  0.70).  Many  susceptible  subjects  were 

somewhat  inclined  to  underestimate  their  degrees 
of  susceptibility  relative  to  their  mean  MSQ 
scores. 
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TABLE  2.  A Notion  Sickness  Susceptibility  Index.  Very  Susceptible 
Subjects  Are  Those  Whose  Keen  *CQ  Scores  for  All  *0  Iteas 
fere  1 .00  or  Hitter . 
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I).  Susceptibility  Index.  A motion  sickness 
susceptibility  index  was  developed  to  provide  a 
comparison  between  the  ‘20  items  involving  mo- 
tion. The  susceptibility  index  was  derived  for 
each  MSQ  item  (ignoring  “no  experience"  an- 
swers) by  calculating  the  mean  score  of  all  sub- 
jects who  answered  tiie  item  by  using  the 
following  weights:  0=never  sick,  1 rarely  sick. 

2 —occasionally  sick,  3=often  sick,  4 = almost 
always  sick.  Susceptibility  index  scores  based  on 
all  subjects  tested  are  presented  in  Table  An 
item  with  a high  susceptibility  index  score  is 
more  likely  to  induce  motion  sickness  than  is  an 
item  with  a low  susceptibility  index  score.  For 
instance,  from  Table  3 one  can  conclude  than  an 
individual  is  most  likely  to  report  the  strongest 
degree  of  motion  sickness  susceptibility  to  car- 
nival devices  beenuse  those  items  had  the  highest 
susceptibility  index  scores  in  both  subject  groups. 

E.  Experience  With  Forms  of  Motion.  Ex- 
perience in  motion  situations  for  each  of  the 
three  degree-of-susceptibility  groups  is  shown  in 
Table  3.  Inspection  of  the  data  reveals  that  a 
significant  overall  difference  (p<. 001)  was  almost 
entirely  due  to  the  divergent  scores  from  the 
very  susceptible  subjects;  they  reported  fewer 
experiences  in  these  motion  situations.  Men  and 
women  did  not  differ  significantly. 

TABLE  3.  The  Frequencies  In  Percentages  With  Which  the  Four 
Experience  Categories  Were  Checked  for  the 
20  Motion  Items  (MSQ-2) 


Croup 

0 

(*) 

Number  of  Experiences 

1-3  4-9 

(%)  (*) 

10+ 

<%) 

Total 

Experiences 

Total  N 
Subjects 

Nonsusceptlble 

18 

13 

12 

56 

4,816 

241 

Moderately  Susceptible 

18 

14 

12 

55 

16,197 

814 

Very  Susceptible 

24 

17 

14 

45 

2,595  , 
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All  Men 

19 

14 

12 

54 

12,756 

640 

All  Women 

19 

14 

12 

54 

10,852 

546 

Susceptibility  Index 

Very 

All  Susceptible 

SUtJects  StAJects 

I tea  <H.),618)  (N-251) 


1. 

large  Ships 

0.61 

2.26 

2. 

SmI  1 Boa*  ' 

0.26 

1.16 

J. 

Kerry -go- rounds 

0.59 

2.14 

A. 

Roller  Coasters 

0.65 

2.21 

J. 

Ferris  Wheels 

0.47 

2.01 

6. 

Other  Carnival  Devices 

0.98 

2.56 

7. 

Automobiles  (as  a passenger) 

0.53 

1.86 

8. 

Blocs 

0.38 

1.74 

9. 

Trains 

0.16 

0.98 

10. 

StiJeays 

0.11 

1.10 

11. 

Streetcars 

0.08 

0.98 

12. 

Airplanes  (sapll  or  large) 

0.46 

1.91 

1). 

Elevators 

0.33 

1.52 

14. 

Selngs 

0.32 

1.57 

15. 

Hammocks 

0.07 

0.69 

16. 

Ring  and  Bar  Cymnastlcs 

0.16 

0.85 

17. 

Somrrsaults 

0.30 

1.28 

18. 

Rollerskating 

0.05 

0.44 

19. 

Ice  Skating 

0.04 

0.33 

20. 

Dancing 

0.06 

0.  34 

I'.  Reported  Changes  in  Susceptibility  With 
. 1 ye.  Responses  to  items  concerning  how  the  in- 
dividual's tendency  to  develop  motion  sickness 
may  have  changed  since  the  age  of  12  are  pre- 
sented in  Table  4.  Analysis  of  the  data  indi- 
cated a significant  sex  diH'erence  (/><.001)  with 
women  reporting  more  increases  and  fewer  de 
creases  in  susceptibility  since  the  age  of  12  than 
did  men.  In  comparing;  susceptibility  groups, 
the  majority  of  nonsusceptihles  reported  no 
change  (although  they  denied  any  motion  sick- 
ness experiences,  1 of  2 1 •'!  respondents  indicated 
an  increased  tendency  to  develop  motion  sickness, 
and  2.">  others  indicated  a decreased  tendency) 
whereas  most  of  the  moderately  and  very  sus- 
ceptible individuals  reported  a change  in  suscep- 
tibility ( /> < .00 1 ) with  very  susceptible  subjects 
reporting  the  greatest  percentage  of  increases 
( lit  percent).  More  than  10  percent  of  the  latter 
two  groups  indicated  a decrease  in  susceptibility 
since  the  age  of  12. 

(i.  Familial  Susceptibility.  Estimates  of  mo- 
tion sickness  susceptibility  in  family  members 
are  presented  in  Table  •'>.  This  set  of  questions 
required  the  individual  to  estimate  the  motion 
sickness  susceptibility  of  his  or  her  parents  and 
siblings.  There  were  significant  differences  be- 
tween susceptibility  groups  ( />  < ,(K)1  in  each 
case)  for  reported  susceptibility  of  sister(s). 
brother(s).  mother,  and  father.  In  each  in- 
stance. highly  susceptible  individuals  more  often 
reported  having  susceptible  siblings  and  parents. 
In  comparing  differences  between  men  and 
women,  women  more  often  reported  having  sus- 
ceptible siblings  (sister(s).  brothers(s). 

/*<.()01)  than  did  men;  however,  this  sex  dif- 
ference was  not  evident  in  responses  to  parents' 
susceptibility. 

11.  I sc  of  Motion- Sickness  Medication.  MSQ 
1 inquired  about  the  use  of  anti-motion  sickness 
drugs.  Of  the  individuals  tested,  l(i  percent  of 
the  men  and  27  percent  of  the  women  reported 
they  had  taken  a medication  like  Dramamine 
for  motion  sickness  ( fable  (>).  Women  were 
more  likely  to  take  medication  than  were  men 
( />< .001 ) and.  as  susceptibility  increased,  so  did 
the  frequency  of  taking  anti-motion  sickness 
medication  ( /> < ,0< * 1 ) . 

1.  Museii/ar  Coordination.  Subjects  were  asked 
to  describe  their  muscular  coordination  on  a live- 
category  response  scale  (very  poor  to  excellent). 
Men  rated  their  coordination  significantly  better 


(/><.001)  than  did  women.  There  were  no 
statistically  significant  differences  between  sus- 
ceptibility groups,  but  there  was  a tendency  for 
very  susceptible  subjects  to  rate  themselves  lower 
than  did  moderately  susceptible  or  nonsusccptible 
subjects  (Table  7). 

.1.  Willingness  to  Participate  in  Motion  /ex- 
periments, Roth  MSQ-1  and  MSQ  2 inquired 
about  the  subject's  willingness  to  be  a paid  par- 
ticipant in  mild  motion  experiments  ('fable  *). 
Results  differed  for  the  two  administrations; 
specifically,  for  MSQ  1 there  were  no  significant 
differences  for  sex  or  for  susceptibility  groups 
while  MSQ  2 yielded  significant  differences  for 
both  sex  and  susceptibility.  The  difference  in 
findings  is  probably  attributable  to  the  time  of 
year  that  the  two  questionnaires  were  admin- 
istered. Specifically,  MSQ  1 was  given  near  the 
beginning  of  a school  semester  and  MSQ  2.  in 
the  latter  half  of  that  semester;  the  likelihood 
is  strong  that  growing  financial  needs  of  the  stu- 
dents dictated  the  change  in  willingness  to  be 
a paid  volunteer.  The  increase  from  MSQ  1 to 
MSQ  2 in  the  proportion  of  subjects  willing  to 
be  involved  in  a motion  experiment  was  greatest 
for  the  nonsusccptible  subjects  and  least  for  the 
very  susceptible.  It  is  worth  noting  that  more 
than  half  the  subjects  in  each  susceptibility  cate- 
gory. including  the  very  susceptible,  were  willing, 
for  pay.  to  participate  in  mild  motion  experi- 
ments. 

K.  Phobias,  Flying , and  Visual  Motion,  fable 
ft  presents  data  based  on  a series  of  four  items 
from  MSQ  2.  Sex  comparisons  for  the  four 
items  yielded  the  following  results  ( /> < .00 1 in 
each  case);  more  men  enjoyed  movies  with  an 
emphasis  on  rapid  motion,  more  men  were  pilots 
or  had  taken  flying  lessons,  and  more  women 
were  afraid  of  heights  and  of  darkness.  There 
were  also  significant  differences  between  sns 
ceptibility  groups  on  all  four  items  ( y* < .00 1 by 
X-  in  each  case)  : movies,  flying  lessons,  heights, 
and  darkness.  However,  nonsusccptible  and  mod 
erately  susceptible  individuals  did  not  differ  on 
any  of  these  items.  Thus,  very  susceptible  in- 
dividuals can  best  be  described  as  less  likely  to 
enjoy  movies  with  an  emphasis  on  rapid  motion, 
less  likely  to  have  taken  flying  lessons,  and  more 
likely  to  fear  heights  and  darkness.  The  same 
description  would  pertain  to  women  as  compared 
with  men. 
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TABLE  4.  The  Percentages  of  SiAJects  by  Croup  and  Sex  Describing  How  Their  General  Tendency  to 
Develop  Motion  Sickness  May  Have  Changed  Since  Age  1 2 


Croup 

Increased 

<%) 

No  Change 
(%) 

Decreased 

<%) 

Don't 

(») 

Know 

Total  N 

Nonsusceptible 

2 

68 

12 

18 

213 

Moderately  Susceptible  9 

33 

41 

16 

719 

Very  Susceptible  19 

21 

44 

16 

116 

All  Men 

5 

38 

38 

18 

SS2 

All  loan 

14 

39 

33 

IS 

496 

TABLE 

5.  Estimates  by  Group  and  Sex,  In  Percentages, 

of  the  Degree  to  Which 

Motion  Sickness  Was  Evidenced  In  Family  Members 

Often 

Number 

Never 

or 

of 

Family 

or 

Almost 

Don't 

F amily 

Mothers 

Croup 

Rarely 

Sometimes 

Always 

Know 

Members 

(%) 

<%) 

(%) 

(%) 

Reported 

Nonsusceptible 

61 

16 

1 

22 

231 

Moderately  Susceptible 

52 

24 

5 

19 

898 

Sister(s) 

Very  Susceptible 

23 

34 

9 

33 

160 

All  Men 

48 

20 

3 

29 

663 

All  Women 

52 

28 

6 

14 

626 

Nonsusceptible 

73 

7 

0 

19 

267 

Moderately  Susceptible 

63 

14 

2 

22 

890 

Brother(s) 

Very  Susceptible 

28 

26 

6 

41 

156 

All  Men 

63 

12 

1 

24 

719 

All  Women 

58 

16 

3 

23 

594 

Nonsusceptible 

60 

23 

3 

.14 

212 

Moderately  Susceptible 

48 

31 

6 

15 

717 

Mother 

Very  Susceptible 

29 

36 

17 

18 

115 

All  Men 

47 

30 

6 

16 

546 

All  Women 

50 

30 

7 

14 

498 

Nonsusceptible 

78 

6 

1 

15 

216 

Moderately  Susceptible 

71 

12 

1 

15 

711 

Father 

Very  Susceptible 

54 

18 

5 

24 

114 

All  Men 

72 

10 

1 

16 

547 

All  Women 

69 

13 

2 

16 

494 

Group  Yes  No  Total 

(*)  (%)  N 


Nonsusceptible 

4 

96 

543 

Moderately  Susceptible 

24 

76 

1,744 

Very  Susceptible 

52 

48 

132 

All  Men 

16 

84 

1,306 

All  Women 

27 

73 

1,113 

TABLE  7.  The  Percentages  of  Subjects  by  Croup  and  Sex  as  They  Described  Their  Oscular  Coordination 


Croup 

Very 

Poor 

(%> 

Below 

Average 

(%) 

Average 

<%) 

Above 

Average 

(%) 

Excellent 

<%) 

Total 

N 

Nonsusceptible 

0 

4 

36 

39 

20 

216 

Moderately  Susceptible 

0 

5 

43 

36 

16 

720 

Very  Susceptible 

1 

9 

4S 

34 

10 

116 

All  Men 

0 

2 

33 

41 

23 

All  Women 

1 

8 

SI 

31 

9 

498 

II 


TABLE  8.  The  Percentages  of  Subjects  by  Croup  and  Sex  Who  Indicated 
Whether  They  Were  Interested  in  Being  Paid  Volunteers 
in  an  Experiment  That  Involved  Very  Mild  Motion 


Croup 

MSQ-1 

MSQ-2 

Yes 

<%) 

No 

(*) 

Total 

N 

Yes 

(*) 

No 

<%) 

Total 

N 

Nonsusceptible 

58 

42 

539 

78 

22 

213 

Moderately  Susceptible 

55 

45 

1,734 

73 

27 

715 

Very  Susceptible 

54 

44 

132 

63 

37 

115 

All  Men 

57 

43 

1,293 

80 

20 

549 

All  Women 

55 

45 

1,112 

65 

35 

494 

TABLE  9.  The  Percentages  of  Subjects  by  Croup  and  Sex  Who  Indicated  Whether  They  Liked 
Movies  That  Emphasize  Rapid  Motion,  Are  Pilots  or  Have  Ever  Taken  Flying  Lessons, 
and  Are  Afraid  of  Heights  or  of  Darkness 


Like  movies  with  A pilot  or  have 


Group 

rapid  motion 

taken 

flying 

lessons 

Afraid  of  heights 

Afraid  of 

darkness 

Yes 

(%) 

No 

(%) 

Total 

N 

Yes 

(%> 

No 

(%) 

Total 

N 

Yes 

<%) 

No 

<») 

Total 

N 

Yes 

<%) 

No 

<%) 

Total 

N 

Nonsusceptibles 

82 

18 

211 

11 

89 

216 

21 

79 

213 

7 

92 

215 

Moderately  Susceptible 

74 

26 

702 

7 

93 

719 

28 

72 

720 

11 

89 

714 

Very  Susceptible 

44 

56 

113 

3 

97 

115 

51 

49 

115 

30 

70 

112 

All  Men 

85 

15 

539 

H 

89 

554 

21 

79 

552 

5 

95 

551 

All  Women 

57 

42 

487 

3 

97 

496 

37 

63 

496 

20 

80 

490 

L.  Alcohol.  The  last  six  items  on  the  MSQ-2 
questionnaire  were  concerned  with  the  consump- 
tion of  alcohol  and  specifically  included  a de- 
scription of  drinking  habits  (Table  10)  and 
alcohol-induced  hangovers  (Table  11).  From 
the  results  of  Table  10,  one  can  conclude  that 
men  drink  more  frequently  and  in  larger  quan- 
tities than  do  women  (/t<.001  in  both  cases). 
In  general,  the  data  indicate  the  degree  of  mo- 
tion sickness  susceptibility  is  not  significantly 
related  to  alcohol  consumption,  although  there 
is  a tendency  for  the  more  susceptible  both  to 
drink  less  often  and  to  drink  less  on  each 
occasion. 

In  the  descriptions  of  alcohol-induced  hang- 
overs, the  frequency  and  severity  of  hangovers, 
as  well  as  the  general  concern  about  having 
them,  become  significantly  (/><.001  in  each  case) 
more  prominent  in  individuals  as  susceptibility 
increases.  In  addition,  men  more  frequently  re- 


ported having  hangovers  than  did  women 
( /> < .0 1 ) , although  women  more  frequently  re- 
ported both  that  they  worried  about  having  a 
hangover  ( /> < .05 ) and  that  they  vomited  or 
thought  they  were  going  to  vomit  following 
alcohol  ingestion  ( /; < .00 1 ) . 

V.  Discussion. 

Although  most  previous  efforts  have  been  di- 
rected toward  determining  the  incidence  of 
motion  sickness  in  specific  occupational  popula- 
tions (such  as  among  pilot  candidates  or  sea- 
going personnel)  it  is  noteworthy  that  motion 
sickness  affects  a considerable  number  of  people 
in  the  general  population  in  relatively  common 
situations.  For  example,  our  definition  of  very 
susceptible  individuals  as  those  whose  mean 
motion  sickness  history  questionnaire  scores  ex- 
ceed 1.00  (see  scoring  procedure)  accounts  for 
8 percent  of  our  surveyed  population.  More- 


TABLE  ’0. 

The  Percentages  of  Subjects  by  Croup  and  Sex  as 

They  Described 

Their  Drinking  1 

habits 

Item 

Group 

Total 

abstainer 

(%) 

Only  one  or 
two  drinks 
in  life 
(%) 

Drink 

Rarely 

(*) 

Drink 

occasional  ly 
(*) 

Drink 

Often 

(*) 

Total 

N 

Description  of 

Nonsusceptible 

6 

4 

15 

53 

22 

216 

drinking  habits 

Moderately  Susceptible 

9 

6 

13 

57 

17 

719 

Very  Susceptible 

4 

12 

19 

48 

16 

115 

All  Men 

8 

5 

10 

55 

23 

553 

All  Women 

6 

7 

18 

55 

13 

497 

Item 

Group 

Total 

abstainer 

(%> 

One  time 
or  less 
per  month 
(») 

Two  or 
three  times 
per  month 

(t> 

One  or  two 
times 
per  week 

(») 

Three 
or  more 
times 
per 
week 
(») 

Total 

N 

Frequency  of 

Nonsusceptible 

9 

20 

24 

34 

13 

216 

drinking 

Moderately  Susceptible 

11 

21 

29 

28 

11 

716 

Very  Susceptible 

11 

30 

26 

24 

8 

115 

All  Men 

11 

15 

24 

33 

16 

553 

All  Women 

10 

30 

30 

24 

6 

494 

Item 

Group 

Total 

abstainer 

(%) 

One 

(%) 

Two  or 
three 

(») 

Tour  or 
five 

(») 

Six  or 
more 

(») 

Total 

N 

Average  amount 

Nonsusceptible 

9 

14 

36 

24 

17 

215 

of  drinks  per 

Moderately  Susceptible 

10 

14 

40 

26 

9 

716 

occasion 

Very  Susceptible 

10 

19 

40 

22 

9 

115 

All  Men 

10 

9 

34 

30 

17 

552 

All  Women 

9 

22 

45 

21 

3 

504 

T/WLE  11.  The  Percentages  of  Selects  by  Croup  and  Sex  as  They  Described 
Aspects  of  Their  Alcoholic  Hangovers 


I tea 

Croup 

Never 

(*) 

Rarely 

(«> 

About 

Half 

the 

Time 

(*) 

Frequently 

(%) 

Always 

<%) 

Total 

N 

Have  hangover 

Nonsusceptible 

47 

43 

8 

i 

i 

210 

after  drinking 

Moderately  Susceptible 

40 

48 

10 

i 

0 

684 

Very  Susceptible 

35 

42 

12 

10 

0 

113 

All  Men 

36 

49 

12 

2 

0 

531 

All  Women 

47 

44 

7 

2 

0 

476 

Worry  about 

Nonsusceptible 

78 

20 

2 

0 

0 

210 

hangover  when 

Moderately  Susceptible 

70 

25 

4 

1 

0 

682 

drinking 

Very  Susceptible 

51 

32 

9 

4 

4 

113 

All  Men 

71 

24 

4 

1 

0 

529 

All  Women 

68 

25 

4 

2 

1 

476 

Vomited  or 

Nonsusceptible 

35 

61 

3 

1 

0 

211 

felt  like  it 

Moderately  Susceptible 

27 

64 

6 

2 

0 

689 

after  drinking 

Very  Susceptible 

32 

46 

10 

10 

2 

112 

All  Men 

23 

69 

5 

2 

0 

534 

All  Women 

36 

53 

6 

3 

1 

478 

over,  slightly  more  than  ‘20  percent  of  our  popu- 
lation had  taken  a medication  like  Dramamine 
for  motion  sickness.  In  an  increasingly  mobile 
world,  the  extent  of  the  problem  of  motion  sick- 
ness susceptibility  can  only  become  greater. 

Motion  sickness  history  questionnaires  provide 
an  adequate  approach  to  susceptibility  determi- 
nations and  have  the  advantage  of  quirk  admin- 
istration with  no  sophisticated  apparatus.  In 
the  present  application,  the  test-retest  reliability 
of  MSQ-2  was  of  a magnitude  suilicient  to  sug- 
gest good  testing  stability.  I'litil  the  differences 
between  susceptible  and  nonsusceptible  indi- 
viduals can  be  better  defined,  a prudent  approach 
to  several  types  of  human  research  (e.g..  vesti- 
bular. motion,  and  performance)  would  be  to 
delineate  motion  sickness  susceptibility  for  all 
subjects  tested.  This  approach  would  allow 
better  interstudy  comparisons  of  results  and 
might  also  provide  an  explanation  for  deviant 
results. 

Our  findings  confirm  the  report’-  that  pro- 
portionately more  women  than  men  report  motion 
sickness.  However,  an  unresolved  question  is 
whether  this  reported  sex  difference  in  suscepti- 
bility is  based  on  physiological  differences,  on 


psychological  differences,  or  on  a combination 
of  those  two.  or  whether  it  is  merely  reflective 
of  a socialization  process  in  which  it  is  more 
acceptable  for  women  to  report  illnesses  (includ- 
ing motion  sickness).  Iiawkin3  and  Abe. 
Amatomi.  and  Kajivama’  have  suggested  that 
susceptibility  differences  are  genetically  deter 
mined.  The  latter  have  reported  that  at  age  2. 
girls  suffered  more  frequently  (12.1  percent) 
from  motion  sickness  than  did  boys  ( (>..'•  percent  ). 
A potential  hereditary  factor  in  motion  sickness 
susceptibility  may  be  supported  bv  our  result--, 
which  indicate  that,  compared  to  nonsuscept  ibles. 
susceptible  individuals  more  often  report  sus- 
ceptible parents  or  siblings.  However,  susceptible 
people  may  be  more  inclined  to  attend  to  and 
be  aware  of  such  characteristics  in  their  family 
members. 

Very  susceptible  individuals  reported  sign  if 
icantly  fewer  experiences  with  the  20  itemized 
motion  situations  t ban  did  nonsuscept  ibles.  This 
probably  reflects  the  simple  fact  that  susceptible 
individuals  avoid  situations  in  which  I hex  un- 
likely to  become  sick.  Moreover,  a little  more 
than  fO  percent  of  those  who  reported  motion 
sickness  experiences  believed  that  their  siiscepti 


;i 


bility  hsul  decreased  since  age  1‘2.  This  finding 
is  in  agreement  with  the  results  of  a previous 
MSQ  study1*  and  with  the  results  of  at  least 
one  experimental  report.'  Such  a decrease  in 
susceptibility  with  increasin';  age  could  he  attri- 
butable to  (i)  avoidance  of  motion  situations, 
(ii)  a decrease  in  the  physiological  sensitivity 
of  the  vestibular  sensory  apparatus,  or  ( iii ) an 
increase  in  vestibular  experiences  with  age  and 
thus  a learning-induced  moderation  of  affect. 
The  first  possibility,  an  avoidance  of  motion  situa- 
tions, cannot  account  for  the  age-related  reduc- 
tion of  demonstrated  susceptibility  shown  by 
Chinn  et  al.  wherein  groups  of  subjects  of  dif- 
ferent ages  were  exposed  to  the  same  motion 
stimuli.  The  second  suggestion,  a decrease  in 
physiological  sensitivity,  is  inconsistent  with 
other  work*  that  indicates,  at  least  with  young 
subjects,  no  differences  between  nonsusceptible 
and  very  susceptible  men  or  women  in  vestibular 
nystagmus  or  in  turning  sensations  produced  in 
the  laboratory  despite  the  continuing  high  level 
of  susceptibility  of  the  latter  group.  The  third 
possibility,  that  experience  acts  as  a moderator 
of  vestibular  responses,  seems  to  be  the  best  cur- 
rent explanation  of  the  age-related  reduction  in 
motion  sickness  susceptibility. 

Since,  motion  sickness  can  be  induced  by  purely 
visual  means, ,n  it  was  not  surprising  that  a sig- 
nificantly greater  percentage  of  susceptible  in- 
dividuals did  not  like  movies  with  an  emphasis 
on  rapid  motion.  Moreover,  extremely  sus- 
ceptible individuals  had  a greater  fear  of  heights 
and  of  darkness  than  did  their  less  susceptible 
counterparts.  The  relationship  of  phobias  to 
psychosomatic  disturbances  suggests  that  addi- 
tional psychological  characteristics  may  be  asso- 
ciated with  motion  sickness  susceptibility.  A 
possibly  related  datum  is  that  very  susceptible 
individuals  reported  they  more  frequently  wor- 
ried about  having  alcoholic  hangovers.  Although 
alcohol  affects  vestibular  functioning''  and  can 
produce  undesirable  effects  similar  to  those  en- 
countered during  motion  sickness,  there  was  no 
significant  difference  between  our  susceptible  and 
nonsusceptible  groups  in  the  amount  of  alcohol 
consumed.  However,  in  assessing  the  latter  liml- 
ing.  one  must  consider  the  young  age  of  our 
subjects  and  that  their  drinking  habits  may  not 
be  representative  of  other  geographic  regions. 


Our  data  also  indicate  a number  of  significant 
sex  differences  related  to  motion  sickness  sus- 
ceptibility. These  findings  suggest  that  behav- 
ioral profiles  will  differ  for  men  and  for  women  in 
relation  to  their  degrees  of  susceptibility.  In 
seeking  to  delineate  characteristics  of  those  prone 
to  motion  sickness,  one  must  take  into  account 
these  sex  differences. 
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NYSTAGMUS,  TURNING  SENSATIONS,  AND  ILLUSORY  MOVEMENT 
IN  MOTION  SICKNESS  SUSCEPTIBILITY 

J.  Michael  Lentz,  Pli.I). 


I.  Introduction. 

Some  previous  invest ijjators1" ' have  reported 
that  vestibular  sensitivity,  as  manifested  by 
nystagmic  eye  movements,  is  of  greater  mag- 
nitude  in  motion  sickness-susceptible  individuals 
than  in  nonsuseept ihle  individuals.  However, 
there  also  have  been  reports  of  no  differences  in 
nystagmic  output  between  susceptible  and  lion- 
susceptible  individuals.-1  and  at  least  one  con- 
trasting report-  indicated  that  nonsuseept ibles 
laid  more  intense  nystagmus. 

Invest igat ions  concerning  rotation-induced  sen- 
sations of  turning  have  been  etptally  inconclu- 
sive.1" Several  early  reports1  " ' -"  and  at  least 

one  recent  report-1  indicated  that  suseept ibles 
had  longer  durations  of  turning  sensations  or 
steeper  sensation  eupnlograms  than  did  nonsus- 
eept ibles.  However,  other  experiments  have  not 
substantiated  these  reports:  for  example,  in  one 
study  Dohie"’  found  that  sensation  eupnlograms 
were  significantly  less  steep  for  susceptible  stu- 
dent pilots  than  for  nonsuseept ible  student  pilots, 
although  in  later,  more  extensive  studies"  lie 
concluded  that  sensation  eupnlograms  were  not 
significant ly  different  for  susceptible  and  lion- 
susceptible  individuals.  The  later  finding  was 
supported  by  Clark  and  Stewart.'  who  reported 
that  thresholds  for  the  perception  of  rotation 
were  not  correlated  with  motion  sickness  sus- 
ceptibility. 

Although  it  is  logically  appealing  to  speculate 
that  motion  sickness-susceptible  individuals 
have  more  sensitive  vestibular  systems,  the  con- 
flicting reports  do  not  provide  uneipiivocal  sup- 
port for  this  position.  It  should  be  pointed  out 
that  sensitivity  differences  are  not  necessary  to 
explain  differential  susceptibility  to  motion  sick- 
ness. For  instance,  (iraybiel's  model'  " of  the 
structural  elements  of  motion  sickness  does  not 
necessarily  su «r«r»'st  that  susceptible  and  nonsus- 
eept ihle  individuals  will  differ  in  their  nystagmic 


or  subjective  turning  responses.  The  basic  pro- 
position of  bis  theory  is  that  two  separate  re- 
sponse systems  are  activated  by  vestibular  stim- 
ulation. The  first,  or  VI.  response  system  is 
characterized  by  nystagmic  eye  movements,  sen- 
sations of  turning.  oculogyral  illusions,  dizziness, 
and  ataxia.  The  second,  or  V 11.  response  sys- 
tem is  manifested  by  the  classic  components  of 
motion  sickness:  sweating,  pallor,  nausea,  and 
vomiting.  The  factor  that  determines  whether 
a V 1 response  will  activate  the  V II  system  is 
obtusely  termed  the  “facultative  linkage."  (iray- 
biel's  theory  implies  that  the  individual  who  lias 
a strong  facultative  linkage  is  more  susceptible 
to  motion  sickness  than  is  an  individual  who  has 
a weak  facultative  linkage.  Although  the  pre- 
cise nature  of  this  facultative  linkage  is  not 
described,  it  may  involve  a neurophysiological 
mechanism  or  some  other  general  nervous  system 
phenomenon.  The  crux  id'  the  (iraybiel  theory 
is  that  primary  vestibular  responses  (VI)  are 
mediated  by  a system  separate  from  that  which 
mediates  motion  sickness  (YII).  Thus,  indi- 
viduals differing  in  their  susceptibility  to  motion 
sickness  would  not  necessarily  be  expected  to 
differ  in  their  primary  vestibular  responses. 

Some  of  the  conflicting  reports  of  nystagmus 
differences  between  suseept  ibles  and  nonsuseep 
tildes  may  have  been  the  result  of  several  experi- 
mental deficiences  related  to  a restricted  ratifre 
of  subject  samples,  inadequate  control  of  subjec- 
tive alertness,  or  factors  associated  with  previous 
laboratory  experience  and  habituation  processes. 
In  this  study,  susceptible  and  nonsuseept  ible 
subjects  wetv  chosen  from  a laboratory -naive 
freneral  population  (students)  so  that  the  subject 
samples  wetv  not  biased  by  a self-exclusion 
process  ( such  as  might  ist  in  a pilot -candidate 
population)  and  were  not  comparisons  of  indi- 
viduals who  were  laboratory  naive  witli  those 
who  were  laboratory  experienced. 


Since  it  is  well  known  that  nystagmic  responses 
cun  he  enhanced  hy  increasing  the  subject's  alert- 
ness level  and.  conversely,  can  he  greatly  di- 
mished  by  decreasing  his  alertness  level,11-2  one 
of  the  specific  goals  of  the  present  study  was 
to  determine  how  alertness  levels,  as  defined  by 
mental  arithmetic  and  reverie  instructions,  affect 
the  expression  of  nystagmus  in  motion  sickness- 
susceptible  and  nonsuscept ible  individuals;  an- 
other goal  was  to  carefully  assess  motion  sensa- 
tions. Of  secondary  interest  was  Reason's 
report21  that  individuals  having  long  spiral  after- 
effect (SAK)  durations  (i.e„  long  durations  of 
apparent  motion  of  a stationary  spiral  subse- 
quent to  viewing  it  while  it  was  turning)  hud 
high  scores  on  a motion  sickness  questionnaire 
(MSQ)  and,  conversely,  low  SAK  scores  were 
associated  with  low  MSQ  scores.  Although  it 
is  tempting  to  conclude  that  motion  sickness 
suseeptibles  have  longer  SAK  durations  than  do 
nonsuscept ibles,  this  conclusion  may  be  unjusti- 
fied because  Reason's  subjects  were  selected  on 
the  basis  of  extreme  SAK  scores  and  not  on  the 
basis  of  MSQ  scores.  Since  the  present  study 
was  particularly  concerned  with  delineating  in- 
dividuals in  the  extremes  of  motion  sickness  sus- 
eeptibilitv.  it  was  on  this  basis  (MSQ  scores) 
that  subject  groups  were  selected  and  SAK  dura- 
tions compared. 

II.  Method. 

A.  Subject*.  Forty-eight  college  students 
ranging  in  age  from  IS  to  ffO  yr  served  as  sub- 
jects. Only  one  subject  was  older  than  .'!().  and 
the  mean  age  of  the  group  was  22.0  yr.  The 
subjects  were  separated  into  four  groups  (N  12 
subjects  per  group)  on  the  basis  of  sex  and  sus- 
ceptibility to  motion  sickness  (susceptible  men, 
suscept  ible  women,  nonsuscept  ible  men.  nonstis- 
ceptible  women).  Susceptibility  to  motion  sick- 
ness was  determined  by  scores  on  a biographical 
motion  sickness  history  questionnaire  admin 
istered  to  a larger  group  of  students. 

Our  motion  sickness  quest ionnaire  was  a modi 
tied  version  of  one  used  by  Kirren  and  was 
scored  on  the  basis  of  responses  to  questions  con 
cerning  the  individual's  tendency  to  develop 
motion  sickness  in  a variety  of  situations  (e.g.. 
while  riding  in  automobiles,  trains,  or  roller 
coasters).  The  MSQ  was  administered  to  a large 
group  of  students,  and  only  individuals  wlm  bad 


extreme  scores  were  considered  for  inclusion  in 
the  experimental  groups.  Twenty  two  percent 
of  the  total  population  tested  (X  2,I2(>)  indi- 
cated that  they  had  never  been  motion  sick  on 
any  of  the  '20  items  included  in  the  MSQ;  all 
"nonsuscept ible"  subjects  were  drawn  from  this 
group.  "Susceptible"  subjects  were  drawn  from 
the  other  extreme;  viz.  from  among  the  0 per- 
cent having  the  highest  questionnaire  scores  in 
the  total  population  tested. 

Subjects  reporting  a history  of  inner-ear  prob- 
lems, deafness,  oculomotor  disturbances,  or  bead 
injuries  that  resulted  in  prolonged  unconscious- 
ness were  eliminated  from  the  study.  All  sub- 
jects were  paid  volunteers  who  agreed  to  remain 
free  of  drugs  for  at  least  IS  h prior  to  the  test- 
ing period  (this  did  not  include  birth  control 
medications  used  by  some  of  the  female  subjects). 
Female  subjects  were  tested  between  days  (i  and 
20  of  their  menstrual  cycle  to  avoid  possible  con- 
founding effects  of  menstrual  and  premenstrual 
symptoms. 

1?.  Rotation  Triah.  All  rotatory  stimuli  were 
delivered  via  an  enclosed  Stille-AVerner  RS 
rotation  device  located  in  a lightproof  room. 
Kach  subject  sat  above  the  center  of  rotation 
in  a small  simulated  cockpit  fitted  with  two  head 
restraints.  One  restraint  held  the  subject's  head 
in  a normal,  relatively  upright  position,  placing 
the  lateral  semicircular  canals  approximately  in 
the  plane  of  rotation.  The  other  head  restraint 
was  designed  so  the  subject  looked  down  5*0 
( 1 ..->7  rad)  and  to  his  left  I.V  (0.7N  rad),  thereby 
placing  a pair  of  vertical  semicircular  canals 
approximately  in  the  plane  of  rotation.  In  addi- 
tion. the  subject  held  a microswitch  for  signal- 
inn:  the  start  of  turning,  each  perceived  5*0  turn, 
and  the  cessation  of  turning  sensations. 

Kach  subject  was  tested  during  a single  ses 
si  on  that  consisted  of  12  rotation  trials  with  in 
tertrial  rest  intervals  of  2 min  each.  All  trials 
were  conducted  in  total  darkness  and  involved 
rotation  in  a clockwise  direction.  Knelt  odd 

numbered  trial  was  an  is  s acceleation  at  .'>  s-' 

(0.0!*  rad  s')  followed  by  rotation  at  a constant 
veloeitv  of  00  s ( l..">7  rad  s).  During  each  of 
the  acceleration  tiials.  the  subject  estimated  his 
turning  velocity  in  a manner  similar  to  that  de 
scribed  h\  \ on  llekesv  and  by  (iroen  and 
•longkccs.1"  Kach  even  numbered  trial  consisted 
of  a deceleration  at  - and  resulted  u the 


cockpit's  lieeoming  stationary.  During  the  de- 
celeration trials,  the  subject,  accordin';  to  instruc- 
tions. either  performed  a mental  arithmetic  prob- 
lem or  assumed  a reverie  state.  In  trials  1 
through  8.  the  rotatory  stimulation  was  applied 
to  the  lateral  semicircular  canals  (the  first  four 
trials  were  used  to  familiarize  the  subjects  with 
apparatus  and  procedures;  these  trials  were  not 
scored);  in  trials  !>  through  12.  the  rotatory 
stimulation  was  applied  to  the  vertical  semi- 
circular canals. 

lit rordi //</.  Electrodes  were  taped  to  the 
outer  cant  litis  of  each  eye  to  record  horizontal 
eye  movements.  Vertical  eye  movements  were 
recorded  from  a pair  of  electrodes  positioned 
above  the  left  eyebrow  and  below  the  eye  on  the 
malar  surface.  A ground  electrode  was  placed 
near  the  center  of  the  forehead.  The  corneoret  inn  I 
potentials  were  amplified  and  recorded  by  an 
(Miner  type  T electroencephalograph  using  a 6-s 
time  constant. 

Eye  movements  were  calibrated  by  means  of 
lights  mounted  on  the  front  of  the  cockpit  and 
subtending  a visual  angle  of  15°  (0.26  rad). 
Moth  horizontal  and  vertical  eye  calibrations  were 
taken  periodically  during  the  testing  sequence. 

1).  Storing.  Horizontal  nystagmus  was  scored 
with  respect  to  total  duration,  number  of  nys- 
tagmic beats,  and  slow-phase  displacement  (de- 
grees of  eye  movement).  The  duration  of 
nystagmus  was  the  time  in  seconds  from  the 
start  of  the  stimulus  to  the  last  nystagmic  beat. 
The  number  of  nystagmic  !>eats  was  the  total 
number  of  beats  (fast  phases)  that  occurred  dur- 
ing a given  trial.  Slow-phase  displacement  was 
the  total  extent  to  which  the  eyes  deflected  in 
a given  direction  during  primary  nystagmus. 
Eye  movement  calibrations  allowed  slow-phase 
eye  displacement  to  be  quantified  in  degrees.  In 
all  instances,  the  scorer  was  not  informed  of  the 
subject  category  or  stimulus  condition. 

Vertical  nystagmus  during  acceleration  trials 
was  scored  in  the  same  manner  its  was  horizontal 
nystagmus.  Vertical  nystagmus  during  decelera- 
tion trials  was  often  of  poor  quality' and. 
as  a result,  was  scored  by  an  output  rating  tech- 
nique that  yielded  scores  of  0 (no  nystagmus) 
to  1 ( vigorous  nystagmus).  The  rating  was  con- 
ducted by  an  experienced  nystagmus  rater  under 
a strict  double  blind  procedure  wherein  the  rater 
was  unware  of  subject  category  or  stimulus  con 
dit  ion. 


Sensations  of  turning  were  measured  with  re- 
spect to  duration  anti  the  number  of  reported 
!)()  turns.  Duration  was  the  time  in  seconds 
from  the  initiation  of  physical  turning  to  the 
signal  representing  the  end  of  subjective  turn- 
ing. The  number  of  90°  turns  was  the  total 
number  of  subjective  signals  minus  two  (start 
and  stop  signals). 

E.  Spiral  Afterrffrrt.  The  stimulus  was  a 
black,  three-throw,  arithmetic  spiral  imposed  on 
a white  disc  20.62  cm  in  diameter.  The  disc  was 
positioned  at  a distance  of  1.52  m from  the  seated 
subject  and  was  operated  at  a speed  of  100  r min. 

Each  subject  was  instructed  to  maintain  visual 
fixation  on  the  center  of  the  spiral  disc  and  to 
estimate  the  persistence  time  of  the  SAE  follow- 
ing randomized  induction  periods  of  15.  60.  60. 
and  110s.  There  were  three  practice  trials,  each 
having  an  induction  period  of  60s.  The  test 
trials  consisted  of  three  repetitions  of  each  in- 
duction period;  the  order  of  presentation  was 
randomized  for  each  subject. 

III.  Results. 

A.  Nyntagmm. 

1.  Subjective  turning  condition.  Table  1 pre- 
sents the  mean  nystagmus  measures  oh  famed 
from  stimulation  of  the  horizontal  and  vertical 
semicircular  canals  during  those  trials  in  which 
subjects  signaled  their  turning  sensations.  Rased 
on  the  0.05  level  of  significance,  separate  analyses 
of  variance  revealed  no  significant  sex  nor  stis 
ceptibilitv  main  effects  or  interactions  for  any 
of  the  nystagmus  measures  (slow  phase,  number 
of  beats,  and  duration). 

2.  Mental  arithmetic  and  reverie  conditions. 

Nvstagmus  measures  obtained  from  stimulation 
of  the  horizontal  semicircular  canals  during  the 
reverie  and  the  mental  arithmetic  conditions  are 
presented  in  Table  2.  There  were  no  overall 
differences  between  susceptibles  and  nonsuscep 
tildes  for  either  condition.  However,  the  mental 
arithmetic  condition  was  associated  with  signifi 
cantly  greater  magnitude  of  slow  phase  nystag 
urns  (/•'  (1.  44)  160.75,  //<.00l)  and  nystagmus 

duration  (/•'  (1.44)  68.72.  // < .00 1 ) when  com 

pared  to  the  reverie  condition.  Thus,  changing 
the  subject’s  instruction  sit  significantly  changed 
both  slow-phase  nystagmus  and  nystagmus  dura 
lion.  In  addition  to  the  significant  main  effect, 
there  were  significant  interactions  of  sex  .r  siis 
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TABLE  1.  Hun  Nystagmus  Muiures  During  Trial*  In  Whlcn  turning  Sensation*  Were  Recorded 


Notion  Sickness  Susceptible* 

Notion  Sickness  Nonsuscept lb les 

Grot*)  Mean*  by  Sex 

NyiUgaa 

Mater  of 

My  status 

Nystapsis 

Mater  of 

Mystapmi* 

Nystagmus 

(Amber  of 

NytUpxis 

Slow  Phsse 

Nystegelc 

Duretlon 

Sloe  Phsse 

Nystagmic 

Duretlon 

Sloe  Phsse 

Nystagmic 

Duration 

(Degree*) 

Beets 

(Seconds) 

(Degrees) 

Beet* 

(Seconds) 

(Degrees) 

Bests 

(Seconds, 

* 5 

H sn 

77% 

79 

%9 

79* 

95 

52 

78* 

87 

50 

III 



1013 

85 

S3 

8%7 

77 

53 

930 

81 

53 

33  i 

1 S 

Nnaj 

89* 

a 2 

51 

821 

86 

52 

H 6 

a-s 

Man 

3*5 

35 

28 

393 

29 

2% 

3*9 

32 

2* 

til 

Vaam 

**2 

33 

28 

%37 

37 

27 

%%0 

35 

27 

> 3 
«/> 

Ne«n» 

393 

3% 

28 

*15 

33 

25 

TABLE  2.  Mean  Nystagmus  Measures  for  Horizontal  Canal  Stimulation 
During  Reverie  and  Mental  Arithmetic  Conditions 


Reverie  or  Loe-Alertness 
Condition 


Mental  Arithmetic  or  High- Alertness 
Condi tlon 


N 

Nystagmus 
Sloe  Phase 
(Degrees) 

Nuster  of  Nystagexis 

Nystagmic  Duration 

Beats  (Seconds) 

Nystagmus 
Slow  Phase 
(Degrees) 

Nuster  of 
Nystagadc 
Beats 

Nystagmus 

(Xiratlon 

(Seconds) 

Susceptible  Men 

12 

570 

76 

45 

773 

74 

49 

Susceptible  tosien 

12 

660 

78 

46 

1054 

79 

55 

Nonsusceptlble  Men 

12 

495 

86 

45 

964 

10) 

61 

Nonsusceptlble  Women 

12 

£66 

85 

47 

996 

78 

54 

All  Men 

2* 

532 

81 

45 

868 

89 

55 

All  Women 

2* 

663 

81 

46 

1025 

78 

54 

All  Susceptlbles 

24 

615 

77 

46 

913 

76 

52 

All  Nonsusceptlbles 

24 

580 

86 

46 

980 

90 

57 

eoptibility  ,r  instructions 

for  slow-phasc 

nyst  ag- 

formers  were 

not  obtained 

between  tin 

1 same  two 

inns  (F  (1.  44)  =7.31 

. /)<.0.r>)  and  nystagmus 

groups  in  the 

' subjective 

turning  tri: 

ils  ('fable 

duration  (F  (1,  44)  a 

.9!) 

. /><.05). 

1 ) . which  also 

involved  lie 

ightened  ale 

rt  ness. 

If  should  bo  noted  that  t»  simple  effects  com 
pnrison  indicated  that  in  the  mental  arithmetic 
comlition.  susceptible  men  had  significantly  less 
slow- phase  nystagmus  than  did  nonsiisccpt  iblc 
men.  This  particular  finding  might  he  inter 
preted  as  suggesting  the  existence  of  a sex  linked 
trait  expressed  only  in  an  alert  or  activated  state. 
Milt  this  possibility  seems  minimal  because  cjif 


The  significant  three-wav  interactions  for 
slow  phase  nystagmus  and  nystagmus  duration 
were  largely  the  result  of  the  unusually  low 
scores  of  two  individuals  in  the  susceptible  male 
group.  Data  from  the  female  groups  indicated 
that  motion  sickness  susceptibility  was  not  con 
sistently  associated  with  either  slow  phase  or 
duration  scores. 


II 


During  vertical  semicircular-canal  stimulation, 
the  reverie  ami  mental  arithmetic  conditions  pro- 
duced nystagmus  scores  (ratings,  in  this  case: 
Table  15)  that  yielded  no  statistical  difference 
based  on  susceptibility  to  motion  sickness  but 
did  yield  a significant  main  effect  for  instruc- 
tional conditions  (/•'  (1.  -bl)  1.8!).  /;<.05). 

Again,  there  was  more  nystagmus  in  the  mental 
arithmetic  condition  than  in  the  reverie  condi- 
tion. There  was  also  a significant  main  effect 
of  sex  (/•'  (1,  4:5)~.">.8l,  /><.().■>)  in  that  women 
had  a higher  vertical  nystagmus  rating.  Al- 
though women  consistently  had  more  slow  phase 
nystagmus  in  all  conditions  (Tables  1.  2.  and 
■\),  the  only  measures  that  evidenced  a statisti- 
cally significant  difference  between  men  and 
women  were  these  vertical  nystagmus  ratings. 
There  was  a significant  sex  ,r  instructions  in- 
teraction for  the  vertical  nystagmus  rating;  a 
simple  effects  test  indicated  that  the  nystagmus 
rating  for  women  was  significantly  lower  in  the 


reverie  condition  than  in  the  mental  arithmetic 
condition  | /•  (1.  hi)  /(<.0l  ) . whereas  the 

ratings  for  men  did  not  significant l\  differ  be 
tween  the  instructional  conditions.  The  differ 
ence  in  nystagmus  ratings  between  men  and 
women  was  not  significant  for  the  reverie  con- 
dition but  was  significant  for  the  mental  arith- 
metic. condition  (/•'  (1.  I.'l ) 10.06,  //<.01).  It 

should  be  pointed  out  that  the  nystagmus  rating 
for  men  decreased  slightly  from  the  reverie  con 
dition  to  the  mental  arithmetic  condition.  The 
decrease  may  be  attributed  (i)  to  two  nonsus 
ceptibible  men  who  had  large  rating  differences 
across  the  reverie  to  the  mental  arithmetic  con 
dition  (Table  d)  and  (ii)  possibly  to  the  coarse- 
ness of  the  rating  categories  and  the  difficulty 
inherent  in  rating  vertical  nystagmus.  I’he  dif- 
ferences obtained  here  between  the  durations  of 
vertical  canal  and  of  horizontal  canal  responses 
are  consistent  with  differences  in  the  time  con- 
stant for  those  two  sets  of  canals  as  reported  in 
a number  of  ot her  st tidies. 


TABLE  3.  Mean  Nystagmus  Ratings  for  Vertical  Canal 
Stimulation  During  Reverie  and  Mental  Arithmetic 
Conditions 


N 

fleverle  or 
Low-Alertness 
Condition 

Mental  Arithmetic 
or  High-Alertness 
Condition 

Susceptible  Men 

12 

1.04 

1.25 

Susceptible  Women 

11* 

1.50 

2.18 

Nonsusceptible  Men 

12 

1.58 

1.36 

Nonsusceptible  Women 

12 

1.73 

2.13 

All  Men 

24 

1.31 

1.30 

All  Women 

23* 

1.80 

2.15 

All  Susceptibles 

23* 

1.26 

1.70 

All  Nonsusceptlbles 

24 

1.66 

1.74 

•One  record  was  not  scoreable. 
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TABLE  A.  He  an  Subjective  Turning  Measures 


Oiratlon  of  Turning  The  Himfcer  of  Reported 

Sensations  (Seconds)  90°  Turns 


N 

Horizontal 

Canal 

Stimulation 

Vertical 

Canal 

Stimulation 

Horizontal 

Canal 

Stimulation 

Vertical 

Canal 

Stimulation 

Susceptible  Men 

12 

32 

24 

19 

14 

Susceptible  Women 

12 

35 

2d 

21 

15 

Nonsusceptlble  Men 

12 

3d 

27 

23 

Id 

Nonsuscept lb le  Women 

12 

2« 

24 

17 

12 

All  Men 

24 

34 

2d 

21 

15 

All  Women 

24 

32 

2! 

19 

14 

All  Susceptibles 

24 

33 

25 

20 

15 

All  Nonsusceptlbles 

24 

33 

2d 

20 

14 

15.  Si'iiMitioii-K  of  Tttni/ni/.  Tin'  mean  scores 
for  ilic  total  ilit rat  ion  of  turning  anti  t lie  number 
of  reported  '.»o  turns  aiv  presented  in  Table  I. 
Bast'tl  on  tht'  lt.it.>  It'vt'l  of  significance.  separate 
analyst's  of  variant'!'  rt'vt'alt'tl  no  significant  st'\ 
or  susceptibility  t'lTi'fts  for  I » >t 1 1 measures.  Ilow 
t'vt'f.  horizontal  semicircular-canal  stimulation 
t'liritt'il  murli  stronjrer  si'iisations  than  tlitl  ver- 
t ira I semicircular-canal  stimulation  for  both  t hi* 
1 1 ti  rat  ion  of  sensation  (/•  (I.  II)  l'Jti.  .'>(>.  />< 

.Ottl)  ami  tho  number  of  DO  turns  roportetl 
(/•’  (1.  II)  101. .’>(>.  /)<.001).  These  results  are 

probably  attributable  to  differences  in  the  re 
spouse  eharaeterist  ics  of  lie  t wo  sets  of  canals.  ' 
but  the  fact  that  horizontal  canal  stimulation 
always  preceded  that  of  the  vertical  canals  must 
be  considered.  In  addition,  there  was  a sijrnifi 
cant  se\  ./•  susceptibility  interaction  ( /■  (1.  IT) 

7. til.  /><.0l)  for  the  tluration  measures. 

('.  Spint!  .\ftrrrffrrt.  The  average  tlurations 
of  the  sprial  aftereffect  illusion  for  the  four  in 
tluction  periods  are  presentetl  in  Table  •'>.  Non 
susceptible  individuals  bail  significantly  shorter 
SA  K 1 1 unit  ions  than  tlitl  sitseept  i hies  ( /•  ( 1 . II) 
h.tl'J,  //<.01).  There  was  a significant  main  etfeet 
across  imluction  pcriotls  ( /•’  (15.  l:5ii)  t>;5.(>D. 


/' < .< >« ) 1 ) in  that  lonjjer  induction  [icriotls  pro 
tlucetl  longer  SAK  tlurations.  Ill  ailtlition.  there 
was  a significant  susceptibility  ,r  induct ion-period 
interaction  (/•'  (15.  1:5:2)  I.S:2.  /> < .0 1 ) . The 

significant  interaction  indicates  that  the  motion 
sickness-susceptible  individuals  hail  a jireatei 
absolute  increase  in  reportetl  SAK  tlurations  as 
a function  of  increasing  SAK  induction  pcriotls 
than  tlitl  nonsuscept ibles.  This  result  siifrjrests 
that  longer,  induct  ion  pcriotls  wouhl  have  jjrcalcr 
reliability  if  SAK  tlurations  were  usetl  to  pre- 
dict motion  sickness  susceptibility. 

TWO  V >*■>.  Spiral  Aftereffect  (Sttt)  Duration  tSecondt) 


N 

SAI  Induct  ton  Period  (Seconds) 

IS 

10 

40 

110 

Total 

Suscept  IMr  Mro 

17 

17.9 

14.9 

71.5 

25.5 

74. A 

Auseeptlbie  Women 

17 

10.5 

14.4 

17.5 

77.9 

43.) 

Nonsusceptlble  Net' 

17 

4.0 

A. 4 

10.3 

11.9 

34.  A 

Nonsuscept Ible  Women 

1? 

7.4 

9.4 

17.5 

15.4 

44.9 

All  Nrn 

74 

9.5 

17. A 

15.9 

IS. 7 

54.9 

All  Women 

74 

9.0 

11.9 

15.0 

19.7 

55.1 

All  Susceptibles 

74 

11.7 

15.7 

19.5 

74.7 

71.1 

All  Nonsusceptlbles 

74 

4.7 

9.0 

11.4 

13. A 

40.9 

IV.  Discussion. 


Tlu>  primary  emphasis  of  (iiis  study  was  to 
investigate  the  relationship  of  motioit  sickness 
susceptibility  to  both  nystagmic  eye  movements 
and  turning  sensations  elicited  by  vestibular  stim- 
ulation. Contrary  to  data  reported  by  other 
ill instigators,'"  the  results  of  the  present 

study  indicate  that  motion  sickness  susceptibility 
is  not  consistently  reflected  in  the  magnitude  of 
elicited  nystagmus  and.  clearly,  there  is  no  en- 
hancement of  nystagmus  in  susceptible  indi- 
viduals. 

It  is  apparent  from  the  present  results,  as  well 
as  from  other  reports.1'  that  an  increased  alert- 
ness level  of  the  subject  has  an  enhancin';  in 
Alienee  on  elicited  nystagmus.  ( neont rolled 
alertness  levels  could  account  for  some  of  the 
reports  indicating  that  individuals  susceptible  to 
motion  sickness  have  more  nystagmus  than  do 
nolisuseept ibles.  For  example,  it  is  possible  that 
nonsuseeptible  individuals  being  tested  over  sev- 
eral trials  in  a dark  environment  could  have 
become  bored  and  drowsy  and  thus  experienced 
a consequent  loss  of  alertness;  such  a condition 
would  tend  to  produce  nystagmus  of  relatively 
hoi  intensity.  Conversely,  susceptible  individuals 
in  the  same  situation  may  have  maintained  alert- 
ness because  of  the  unpleasant  and  perhaps 
threatening  vestibular  stimuli.  The  current  data 
indicate  that  instructional  procedures  to  control 
alertness  fluctuations  tire  particularly  important 
when  a decrease  in  alertness  level  across  trials 
may  be  mistaken  for  decreased  vestibular  sen 
sitivity  or  response  habituation. 

Motion  sickness  susceptibility  was  not  reflected 
in  the  intensity  or  duration  of  turning  sensa- 
tions among  subjects  tested  in  this  study.  1’hat 
some  of  the  previous  reports  concerning  turn 
ing  sensations  were  in  conflict  may  have  been 
due  to  characteristics  of  the  etipulomet ric  tech- 
nique employed.  In  comparison  to  most  of  the 
older  studies,  the  current  procedure  used  an 
acceleration  of  lower  magnitude  and  longer  dura- 
tion. therein  allowing  more  time  for  central 
nervous  system  (C.\S)  processes  to  influence 
a Her  responses,  t he  procedure  should  have  been 
advantageous  for  discriminating  among  people 
with  differentially  developed  adaptive  or  stip 
pressive  mechanisms. 

The  secondurv  emphasis  of  this  study  was  to 
investigate  the  relationship  between  motion  sick 


ness  susceptibility  and  persistence  of  the  spiral 
aftereffect.  The  results  indicated  that  motion 
sickness  suscept ibilcs  had  longer  SAK  durations 
than  did  their  counterpart  nonsuscept ibles;  how- 
ever. there  was  a large  overlap  in  the  range  of 
scores.  When  considering  individual  SA  K scores, 
susceptibility  was  best  differentiated  in  the  group 
of  women.  Thus,  while  there  appears  to  be  a 
relationship  between  motion  sickness  suscepti- 
bility and  spiral  aftereffect  duration,  the  magni- 
tude of  this  relationship  is  not  such  that  highly 
reliable  predictions  of  motion  sickness  suscept i 
hilitv  can  be  made  on  the  basis  of  SAP.  values. 
In  differentiating  mot ion-siekncss-susccpt ibie  and 
nonsuseeptible  individuals,  the  current  SAK  re 
suits  are  in  agreement  with  those  reported  by 
Reason.  1 However,  the  current  results  tend 
not  to  support  the  Reason  and  Benson  report-'1 
of  a significant  correlation  between  visual  and 
labvrinthinc  aftersensations.  If  suscept  ibiliti 
can  be  differentiated  by  aftereffect  character 
istics  in  several  sensory  modalities  as  suggested 
bv  Reason  and  Benson,  then  both  motion  sick- 
ness susceptibility  and  the  aftereffect  phenom- 
enon are  probablv  associated  with  it  general  t NS 
mechanism  (i.e„  inhibition),  which  could  be  itu 
portanl  from  a theoretical  basis.  Future  studies 
should  be  directed  toward  further  clarification 
of  the  relationship  between  susceptibility  to  mo 
tinn  sickness  and  characteristics  of  responses  to 
tlu‘  SAK  and  other  aftereffect  illusions. 

There  were  no  significant  overall  sex  differ 
cnees  for  nvstagmus.  sensations  of  turning,  or 
SAK  durations;  however,  there  was  a tendency 
for  women  to  have  more  slow  phase  nystagmus. 
This  tendency,  quite  consistent  but  subtle  in 
nature,  suggests  that  further  exploration  of  po 
Initial  sex  differences  in  nystagmic  responses  may 
be  warranted. 

From  a theoretical  approach,  the  lack  of 
overall  differences  between  motion  sickness  sits 
eeptible  and  tumsir  vept ible  individuals  in  nystag 
unis  and  sensations  of  turning  clearly  refutes 
the  classical  theory  that  these  responses  are 
enhanced  in  susceptible  individuals.  Moreover, 
since  individual  differences  in  motion  sickness 
susceptibility  are  not  correlated  with  nystagmic 
responses  or  sensations  of  turning,  it  is  stig 
gested  that  approaches  that  use  these  responses 
to  assess  the  effectiveness  of  anti  motion  sickness 
drugs  will  have  limited  validity. 


Tho  spiral  aftereffect  results  surest  that 
motion  sickness  susceptibility  may  be  related  to 
some  general  (’NS  phenomenon  that  may  be 
synonymous  with  the  facultative  linkage  mech- 
anism proposed  by  (iravbiel.13  14  The  results  are 
consistent  with  the  implication  from  the  (iray- 
1 del  model  that  nystagmus  and  sensations  of  turn- 
ing ( V 1 responses)  are  not  necessarily  directly 
related  to  t lie  classic  symptoms  of  motion  sick- 
ness ( V 1 1 responses).  It  is  speculated  that  a 
general  nervous  system  process,  such  as  inhibi- 
tion, may  be  differentially  developed  in  indi- 
viduals and  may  be  overtly  expressed  in  spiral 
aftereffect  durations,  motion  sickness  suscepti-' 
bility,  and.  perhaps,  a variety  of  other  measures 
but  not  in  the  primary  measures  of  vestibular 
responses — nystagmus  and  turning  sensations. 
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SOME  PSYCHOLOGICAL  CORRELATES  OF  MOTION 
SIC K N ESS  SI  S( :epti BI LITY 


William  K.  ('ollins.  Ph.l). 
.!.  Michael  Lent/.  l’li.D. 


I.  Introduction. 

In  curlier  conceptions  of  what  is  currently 
known  as  motion  sickness,  individuals  were  con- 
sidered to  1h'  of  weak  constitution  and  jrenernlh 
lackin':  in  “moral  llhre"  if  they  manifested  mo- 
tion sickness  symptoms.  This  viewpoint  per- 
sisted in  the  literature  through  the  late  UMO’s 
despite  chronic  motion  sickness  in  individuals 
renowned  for  their  courajre.  such  as  .Julius 
Caesar.  Lord  Nelson,  and  Lawrence  of  Arabia."’ 
During  and  following  World  War  II.  airsickness, 
one  form  of  motion  sickness,  became  a particular 
concern  of  the  military  and  was  often  attributed 
primarily  to  psychic  factors,  such  as  tension. 

fear,  anxiety,  or  nervousness.'1''' 1 71 

In  addition  to  airsickness,  some  chronic  seasick- 
ness amono  Navy  personnel  was  reported  to  be 
strontrly  associated  with  neurotic  traits  and  a 
tendency  toward  fainting  as  revealed  during 
psychiatric  examinations.-7 

In  the  years  immediately  following  World 
War  II.  the  only  noteworthy  attempt  to  associate 
psychological  characteristics  with  susceptibility 
was  made  by  Mirren.1  who  reported  a significant 
positive  correlation  ( r O.P>)  between  scores  on 
the  Cornell  Selectee  Index  (a  nciiropsycluat ric 
inventory)  and  those  on  a motion  sickness  his 
torv  questionnaire.  Although  Mirren  and  his 
predecessors  had  noted  that  some  psychological 
factors  appeared  to  be  related  to  motion  sick 
ness,  studies  conducted  by  Wendt7'1  were  influ- 
ential in  causinir  this  line  of  research  to  be  almost 
abandoned  for  a decade.  Wendt  indicated  that 
the  primary  cause  of  motion  sickness  was  stimu 
lat ion  of  the  vestibular  sensory  apparatus  and 
that  “factors  such  as  physiological  state,  posture, 
and  wave-character  are  of  far  greater  potency 
than  psychological  factors  in  their  effects  on  mo 
t ion  sickness  rates." 


Zwerlinc7"'  took  exception  to  Wendt's  su{T{Tes- 
tion.  In  1!)47.  Zwerlinfr'1  had  shown  that  the 
incidence  of  motion  sickness  in  experimental  sub- 
jects was  significantly  increased  when  they  were 
exposed  to  electric  slunk  during  rotation  trials: 
he  concluded  that  fear  or  anxiety  heightened  su> 
ceptibility.  lie  also  noted  a relationship  (stalls 
tically  nonsignificant)  between  motion  sickness 
susceptibility  and  neurotic  tendencies  indicated 
as  defined  by  the  Minnesota  Multiphasic  Per- 
sonality Inventory  (MMIM).  In  reply  to  Wendt. 
Zwerlin<r  indicated  that  sensory  stimulation, 
psychosomatic  factors,  general  physical  fitness, 
ty  pe  of  motion,  and  secondary  factors  (e.jr..  tem- 
perature. ventilation)  were  all  operative  in  the 
etiolojiy  of  motion  sickness  and  there  was  no 
basis  for  the  selection  of  any  one  as  the  single 
cause  of  motion  sickness. 

Naval  cadets  have  been  the  subjects  of  many 
of  the  more  recent  studies  of  motion  sickness 
susceptibility  and  personality  characteristics. 
Harris'  reported  that  conventional  analyses  of 
Horsehach  Test  scores  and  MMIM  profiles  pro- 
vided no  replicable  differences  between  airsick 
and  nonairsiek  cadets:  however,  he  concluded 
that  there  remained  at  least  suggestive  evidence 
of  a {rreater  disturbance  in  personality  function 
ing  among  the  airsick  {rroup.  In  a study  of  nine 
cadets.  McMichael  and  (Iraybiel"  reported  sit: 
niticant  relationships  lictween  demonstrated  mo 
lion  sickness  susceptibility  and  the  Rorschach- 
derived  composite  dimensions  of  “rigidity"  and 
“lability." 

l -intr  large  samples  ( 1 .">7  •J'J!')  of  naval  flight 
students,  (tnedry  and  Ambler"  reported  that 
nenroticism  on  anxiety  scores  (from  the  Kysenck 
Personality  Inventory  and  the  Omnibus  Per 
sonality  Inventory)  "tended  to  correlate  sig 
nificantly"  with  motion  sickness  symptoms  (pro 
dueed  by  a laboratory  motion  device)  as  rated 
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in  the  Brief  Vestibular  Disorientation  Test 
( llYDT) : they  also  noted  a significant  (un- 
specified) correlation  between  BYDT  symptoms 
and  the  masculinity-femininity  scale  of  the 
Omnibus  Personality  Inventory  (the  masculinity 
end  of  the  scale  related  to  low  motion  sickness 
sensitivity).  Similarly.  Keason  and  (iraybiel1'1 
have  reported  significant  but  small  (about  0.20) 
correlations  between  the  motion  sickness  history 
of  To  naval  cadets  and  both  the  introversion  and 
the  neuroticism  scales  of  the  Eysenck  Personality 
Inventory.  A similar  study  by  Wilding  and 
Meddis'-  found  that  among  a group  of  tit)  stu 
dents,  motion  sickness  history  was  significantly 
correlated  with  Eysenck’s  neuroticism  (/  O.lti) 
but  not  with  introversion  (/■  0.04).  These  re- 

sults were,  however,  contrary  to  those  obtained 
by  Kottenhotf  and  Lindahl.”  who  had  tested  oO 
volunteer  subjects  in  the  laboratory  and  reported 
a significant  correlation  (().:!'>)  between  introver- 
sion as  measured  by  the  Maudsley  Personality 
Inventory  (Ml’I)  and  demonstrated  motion 
sickness  symptoms.  The  MPI  measure  of  neu- 
roticism did  not  correlate  significantly  with  the 
demonstrated  symptoms,  nor  did  either  measure 
correlate  significantly  with  a travel  sickness  epics 
tionnaire.  Moreover,  anxiety,  as  defined  by  the 
Taylor  Manifest  Anxiety  Scale,  showed  no  cor- 
relation with  either  the  questionnaire  or  demon- 
strated symptoms. 

The  many  studies  on  the  relationship  of  per- 
sonality factors  to  motion  sickness  susceptibility 
have  varied  considerably  in  their  investigative 
approaches  and  perhaps  even  more  divergently 
in  their  conclusions.  A reason  for  the  divergent 
findings  may  pertain  to  the  subject  populations 
used.  In  the  vast  majority  of  studies,  subjects 
have  been  prescreened  military  trainees;  in  a 
few  other  studies,  they  have  been  relatively  small 
groups  of  people  unscreened  for  susceptibility 
characteristics.  The  need  for  a comparison  of 
highly  susceptible  with  liolisuscept  ible  people 
was  noted  as  early  as  lUT.t  by  Tyler  and  Bard, 
whose  comments  in  this  regard  were  more  re- 
cently cited  h\  Reason  and  Brand.  The  intent 
of  the  present  study  was  to  conduct  a compre- 
hensive investigation  of  the  relationship  between 
motion  sickness  susceptibility  and  selected  per- 
sonality factors  by  comparing  subjects  who  re- 
port high  susceptibility  to  motion  sickness  with 
subjects  who  report  noiisuscept ihiilty  to  any 
form  of  motion  sickness. 


II.  Method. 

A.  Suhjtttx.  Eour  groups  of  subjects  each 

(susceptible  men.  susceptible  women,  nonsuseep- 
t ible  men.  noiisuscept  ible  women)  were  obtained 
from  a college  student  population  ranging  in 
age  from  1*  to  till  years.  Susceptibility  to  mo- 
tion sickness  was  determined  by  scores  on  a molli- 
fied version  of  the  motion  sickness  i/ttcstionnaire 
(MSQ)  used  b\  Birren.1  The  MSQ  was  admin- 
istered to  a large  group  of  university  students 
(\  2.R52).  an,|  (m|y  individuals  with  extreme 

scores  were  considered  for  inclusion  in  the  ex- 
perimental groups.”  Twenty-two  percent  of  the 
total  population  tested  indicated  that  they  had 
never  been  motion  sick  on  any  of  the  20  items 
inchided  in  the  MSQ  (e.g..  automobiles,  trains, 
roller  coasters,  ships)  ; all  noiisuscept  ible  subjects 
were  drawn  from  this  extreme.  Susceptible  sub- 
jects were  drawn  from  the  other  extreme:  viz. 
from  among  the  0 percent  with  the  highest  ques- 
tionnaire scores  in  the  total  population  tested. 
Within  the  susceptible  and  noiisuscept  ible  cate- 
gories. the  experimental  subjects  were  chosen  at 
random. 

B.  /'loca/iin.  Each  subject  was  tested  on  at 
least  three  but  not  more  than  six  of  the  eight 
tests  in  Table  1 (the  total  number  for  each  test 
is  indicated  in  the  table).  The  tests  were  admin- 
istered in  accordance  with  directions  in  respective 
test  manuals  or  in  published  references  with  one 
exception:  subtests  in  the  Floor  Ataxia  'Test 
Batten  were  presented  in  a modified  order. 

1.  The  Floor  Ataxia  lest  Battery  is  reported 
to  be  an  indicator  of  the  loss  or  impairment  of 
vestibular  function.  The  battery  consists  of  live 
subtests  that  measure  equilibrium  while  standing 
or  walking  without  the  aid  of  vision.  The  tests 
and  their  order  of  presentation  were:  Stand  on 
< tue  Leg  Eyes  Closed  (SOLEC:  both  li  lt  and 
light  legs),  sharpened  Romberg  (SR:  standing 
heel  to  toe).  Walk  on  Floor  Eyes  Closed 
( WO  EEC),  and  Walk  a Line  Eyes  Closed 
I WALEC). 

2.  'The  State-Trait  Anxiety  Inventory  (S'TAI) 
dev  eloped  by  Spielberger  and  hi'  associates  ' 
assesses  anxiety  characteristics.  The  first  por- 
tion of  the  ST  ,\  I measures  the  individual's 
"state"  anxiety,  an  expression  of  the  individual's 
ongoing  or  current  anxiety  level,  which  can 
lluctuate  considerably  with  changes  in  environ 
mental  situations.  The  second  portion  of  the 
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TABLE  1,  Number  and  Category  of  Subjecta  Administered 
Each  of  the  Eight  Teats 


Susceptlbles 

Nonsusceptibles 

Tests 

Men 

Women 

Men 

Women 

Total 

Floor  Ataxia  Test  Battery 

37 

37 

37 

37 

148 

Cornell  Medical  Index 

37 

37 

37 

37 

148 

Cornell  Word  Form 

25 

25 

25 

25 

100 

Eysenck  Personality  Inventory 

25 

25 

25 

25 

100 

Rotter  Internal-External  Control  Scale 

25 

25 

25 

25 

100 

16  PF  (Form  A) 

25 

25 

25 

25 

100 

State-Trait  Anxiety  Inventory 

12 

12 

12 

12 

48 

Menstrual  Distress  Questionnaire 

— 

12 

— 

12 

24 

ST  A I measures  the  individual's  predisposit  inn 
("trait")  towards  anxiety.  Trait  anxeity  is  eon 
side  red  a relatively  stable  behavioral  character 
istie  or  pattern  indicative  of  the  individual's 
general  response  to  anxiety -producing  events. 
The  STAI  comprises  10  statements  that  people 
use  to  describe  themselves.  The  first  liO  state 
motifs  describe  the  individual  as  he  feels  rijrlit 
now.  and  the  last  'JO  statements,  its  he  generally 
feels.  For  instance,  to  the  statement  "1  feel 
calm"  the  individual  has  the  choice  of  the  fol- 
lowitur  replies:  not  at  all,  somewhat,  moderately 
so.  or  verv  much  so.  All  subjects  who  completed 
the  STAI  were  also  used  us  subjects  in  another 
experiment  involving  whole-body  rotation."  Fol- 
lowing the  rotation  experiment,  the  subjects 
again  completed  the  "state"  portion  of  the  SI  A I. 
and.  therefore,  both  prerotation  and  post  rota- 
tion state  anxiety  scores  were  obtained. 

:i.  The  Menstrual  Distress  Questionnaire 
(Form  A)  was  constructed  to  determine  the  ex 
tent  to  which  women  experienced  common  men- 
strual svmptomsc”  The  quest ionnaire  asks  a 
respondent  to  rate  her  degree  of  menstrual  re- 
lated distress  for  17  symptoms  during  three 
phases  of  her  most  recent  menstrual  cycle  (men 
st null  flow.  1 week  before  menstrual  flow,  re 


mainder  of  cycle).  The  distress  rating  is  a 
(5-point  scale  ranging  from  no  experience  of  the 
symptom  to  an  acute  or  partially  disabling 
experience. 

I.  The  Cornell  Medical  Index  (CMI)  is  a 
health  quest  ionnaire  designed  to  collect  general 
medical  and  psychiatric  data  to  facilitate  patient 
examination.2  The  CM  I is  composed  of  1 tin  ques- 
tions concerning  a wide  variety  of  medical  and 
emotional  problems  that  may  have  occurred  in 
an  individual's  past;  a "yes"  or  “no"  answer  is 
required  to  each  item. 

ii.  The  Cornell  Word  Form  (CWF-ll)  was 
designed  to  screen  for  potentially  serious  nett 
ropsvehiatric  and  psychosomatic  disturbances. 
It  consists  of  SO  single  word  items  to  which  the 
respondent  associates  one  of  two  alternate  de- 
script ions. 

(5.  The  Fysenck  Personality  Inventory  (F.l’l) 
measures  personality  in  terms  of  two  dimen- 
sions. extraversion-introversion  and  neuroticism- 
stability a l.ic  Scale  is  included.  The  F.l’l  was 
developed  from  the  earlier  Maudsley  Personality 
Inventory  (MPI)  and  correlates  highly  with  it. 
The  t est  presents  .‘>7  questions  relating  to  how 
the  respondent  may  behave,  feel,  and  act:  each 
question  requires  a "yes"  or  "no"  answer. 
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TABLE  2.  Mean  Score*  for  the  Floor  Ataxia  Te*t  Battery,  the  State-Trait  Anxiety  Inventory,  the  Cornell  Medical 
Index  (CXI),  the  Cornell  Word  Fone  (CWF),  the  Eysenck  Pereonality  Inventory  (Extraversion, 
Neuroticiaa,  and  Lie  Scales),  and  the  Rotter  Internal-External  (I-E)  Control  Scale 


Floor  Atsxia  Test 

Battery 

Stste-Trsit  Anxiety 

Inventory 

Cornel  1 

Teats 

Eysenck 

Rot  tar 

SOLEC-t 

SOLEC-J. 

SR 

WOFEC 

WALEC 

Trait 

State  (Before 
Rot  at  ion) 

State  (After 
Rotat ion) 

Oil 

CWF 

E 

R 

L 

I-E 

Scale 

Susceptible  Men 

89.6 

86.4 

208.8 

26.1 

35.9 

37.5 

35.8 

37.2 

22.5 

3.7 

12.1 

8.9 

2.8 

9.6 

Susceptible  Woaen 

75.1 

68.3 

196.8 

25.2 

44.9 

35.7 

319 

37.5 

28.0 

4.0 

13.4 

10.4 

2.4 

10.7 

Nonsusceptible 

Hen 

79.1 

89.6 

212.7 

28.0 

28.0 

30.1 

313 

28.5 

10.7 

1.8 

15.4 

6.6 

2.3 

9.2 

Nonsuscept ible 
Woaen 

57.0 

61.2 

180.2 

23.5 

49.1 

30.6 

329 

32.3 

17.0 

1.8 

13.2 

7.3 

2.6 

11.1 

All  Men 

84.4 

88.0 

210.7 

27.1 

31.9 

33.8 

33.6 

32.8 

16.6 

2.8 

13.8 

7.6 

2.6 

9.4 

All  Woaen 

66.0 

64.  7 

188.5 

24.  3 

47.0 

33.1 

32-* 

34.9 

22.5 

2.9 

13.3 

8.8 

2.5 

10.9 

All  Susceptible* 

82.4 

77.3 

202.8 

25.6 

40.4 

36.6 

33.9 

37.3 

25.3 

3.9 

12.7 

9.6 

2.6 

10.1 

All  Nonsusceptible* 

68.0 

75.4 

196.4 

25.8 

38.6 

30.3 

32.1 

30.4 

13  9 

1.8 

14.3 

7.0 

2.5 

10.2 

T.  The  Hotter  Internal-External  Locus  of  Con- 
trol Scale-1  was  developed  to  assess  the  extent 
to  which  individuals  believed  that  they  could 
control  or  influence  events  that  affect  them.  For 
each  of  oi)  items  the  subject  must  select  one  of 
a pair  of  statements  about  how  he,  she  is  affected 
by  societal  events. 

8.  The  lt>  Personality  Factors  (10  PF)  test 
(Form  A)  is  a multidimensional  personality 
factor  questionnaire  established  on  the  basis  of 
Cattell's  concept  of  the  total  human  personality.3 
The  test  consists  of  187  items  to  which  one  of 
three  alternative  responses  must  he  selected  (e.g.. 
Money  cannot  bring  happiness:  (a)  true  (b)  in 
between  (e)  false.).  Scores  can  he  determined 
for  Hi  primary  factors.  8 secondary  factors,  and 
1 criteria  factors.  The  factors  are.  described  in 
detail  elsewhere-  hut  may  he  summarized,  in 
order,  as  follows: 

a.  Primary  factors:  (A)  reserved — outgoing; 

(11)  dull — bright;  ((')  affected  by  feelings — 
emotionally  stable;  (E)  humble — assertive;  (F) 
sober-  happy go-lucky ; (G)  expedient — con- 

scientious; (II)  shy — venturesome;  (1)  lough 
minded — tenderminded ; (L)  trusting— suspi- 

cious; (.M)  practical  imaginative;  (X)  forth- 
right- -astute;  (O)  self-assured — apprehensive; 
((ii)  conservative  -experimenting;  (Qo)  group 
dependent  self-sufficient:  (Q,)  undisciplined 

self-conflict  -controlled;  (Q,)  relaxed — tense. 

b.  Secondary  factors:  (I)  extraversion-  intro- 
version; (2)  low  anxiety  high  anxiety;  (fl) 
sensitivity  tough  poise;  (I)  dependence  inde- 
pendence; (5)  discreetness;  ( (> ) prodigal  subjec- 
tivity: (7)  fluid  intelligence;  (8)  superego. 


c.  Criterion  factors:  (1)  neuroticism ; (2)  lead- 
ership; (It)  creativity;  (4)  school  achievement. 

HI.  Results. 

Group  means  for  all  tests  except  the  .Menstrual 
I )istri  ■ss  Questionnaire  and  the  16  PF  are  pre- 
sented in  Table  2.  With  the  same  exceptions,  all 
data  were  evaluated  by  using  a two-way  analysis 
of  > a riance;  the  respective  F-vulucs  arc  presented 
in  'Fable  .‘1  with  /><.() !>  the  accepted  level  for 
significance. 


TABLE  3. 

Results  of 

Analyses  of  Variance 
1 f Ratios) 

of  Test  Scores 

Test 

Sex 

Suscepti- 

bility 

Sex  x 

Suscepti- 

bility 

dF 

Ataxia  Battery 

SOLEC-R 

6.22  * 

3.82 

0.27 

1,144 

SOLEC-L 

9.37  ** 

0.06 

0.46 

1,144 

SR 

4.76  * 

0.79 

1.02 

1,144 

WOFEC 

8.00  •* 

0.03 

3.52 

1,144 

WALK 

9.21  *• 

0.13 

1.48 

1,144 

STAl 

Trait 

0.14 

8. 14  •• 

0.24 

1.44 

State  (Before 

Rotat Ion) 

0.44 

0.99 

2.44 

1.44 

Stats  (After 

Rotat Ion) 

0.83 

9.18  •• 

0.59 

1.44 

Cornell 

CXI 

4.88  * 

IB. 14 

0.02 

1.144 

CWF 

0.06 

12.89  ••• 

0.15 

1.96 

Eysenck 

EFI-E 

0.50 

4.99  • 

6.05  • 

1,96 

EfI-N 

1.97 

12.11  ••• 

0.33 

1.96 

efi-l 

0.04 

0.22 

1.58 

1.96 

3.21 

0.00 

0.17 

1.96 

* £ « .05 


« £ < .01 


£ • .001 
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A.  Floor  . 1 to, rot  Text  /{ntterj/.  1 lit'  results 
from  each  of  tho  five  t‘< pi i 1 il >ri uni  subtests  imli- 
rnteil  that  mm  hail  significantly  better  lialanri' 
scores  than  iliil  women  (/><.05 — //<.<)  1 ) . I his 
significant  effect  was  attrihutahli1  to  the  ililler- 
enees  between  nonsuscept  ibli*  men  anil  women: 
no  differences  between  susceptible  men  and 
women  were  significant.  There  were  no  sig- 
nificant dilferences  between  susceptible  and  non 
susceptible  groups  nor  were  there  significant 
sex  ./•  susceptibility  interact  ions. 

If.  Stnte-T  rnit  . 1 n.riet;/  Innnton/.  Suscep- 
t ihle  individuals  had  significantly  higher  trait- 
anxiety  scores  than  did  nonsuscept  ibles  (/><-<*  1 f - 
This  relationship  indicates  that  two  relatively 
permanent  personality  characteristics,  trait  anx- 
ietv  and  motion  sickness  susceptibility,  are  as- 
sociated either  directly  or  indirectly.  I he  “state 
portion  of  this  inventory  was  administered  both 
before  and  after  rotatory  vestibular  stimula- 
tion." Prior  to  rotation,  there  were  no  si<rnil- 
icant  state  anxiety  differences  between  groups; 
followin'*  rotation,  however,  susceptible  indi- 
viduals had  significantly  higher  state  anxiety 
scores  (/><.01).  A three-way  analysis  of  vari- 
ance indicated  that  the  state-anxiety  level  of 
susceptible  individuals  increased  significantly 
( a <.001 ) from  the  prerotation  to  post  rotation 
sessions,  whereas  nonsuscept  ibles  evidenced  a 
slitrht  but  nonsignificant  decrease  in  stale  anxiety. 

('.  M<  nxtruol  Plxtrexx  Qnextionnnin . Of  the 
IT  svmptoms  possibly  related  to  menstrual  dts 
tress,  fatigue  was  the  only  symptom  differentially 
expressed:  susceptible  women  reported  more 

latiirne  than  did  nonsuscept  ibles  (/'<.<>■'>  by  t 
test).  When  the  IT  symptoms  were  collated  to 
the  suforested  eit*ht  general  fai’tors.  there  were 
no  significant  differences  between  susceptible  and 
nonsuscept  tide  women. 

I).  Cornell  Mrdical  hulc.r.  Susceptible  indi- 
viduals had  significantly  more  “yes"  answers  on 
the  Cornell  Medical  Index  than  did  nonsuscep 
tildes  (ai<.001).  In  addition,  women  had  more 
"yes"  answers  than  did  men  (/»<.<••>). 

E.  Cornell  Won/  Form.  Evaluation  of  Cor- 
nell Word  Korin  scores  indicated  that  motion 
sickness  susceptible  individuals  had  significantly 
higher  scores  than  did  nonsuscept  ibles  (pC.Otll). 
There  were  no  significant  sex  differences  nor  sex 
tibilil  v interactions. 
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K.  Fi/xtnel I*  C<  rxonohti/  /nmnfort/.  Nonsus- 
eeptible  individuals  had  significantly  liiffher 
scores  on  the  Ext  inversion  Scale  of  the  Eysenck 
Personality  Inventory  than  did  motion  sickness 
suscept ibles  (/;<.().T).  In  addition,  there  was 
a significant  sex  .r  susi*cpt  ibility  interaction 
(/;<.t)5).  < in  the  Neuroticism  Scale,  suscep 

tildes  had  significant ly  hijrher  scores  than  did 
nonsuscept  ibles  (//<.< )0 1 ) . There  were  no  sig- 
nificant differences  on  the  Eie  Scale. 

(i.  Hotter  IntiriuilF.rtermil  Control  Sen/-. 
The  Hotter  Internal  External  Control  Scale 
did  not  significantly  differentiate  any  of  the 
firoups  in  this  study. 

11.  Hi  /’/•'.  All  primary,  secondary,  and  cri- 
terion scores  for  croups  represented  in  1'  iyoire  1 
fall  within  one  standard  deviation  of  the  mean 
established  for  a college  student  population. 
However,  within  this  relatively  normal  rattfre  of 
scores,  there  were  numerous  significant  {Troup 
dilferences.  An  analysis  of  Figure  1 for  signif- 
icant stisi'cpt ibility  differences  plus  a departure 
from  mean  scores  vielded  a description  of  our 
subject  croups  as  indicated  in  lable  1. 

In  treneral.  nonsuscept  ibles  tended  to  score  as 
less  neurotic,  better  adjusted,  and  more  venture 
some  than  suscept  ibles.  and  suscept  ibles  in  {Tell 

TABLE  A Qrn  ript  ions  of  Croups  Baaed  on  16  PE  Score*  by  be* 
and  Suacept  ibility  t*tf|onri 


Croup 

Halor  Deacrtplora  Baaed  on  lb  PF  Srotaa 

Hal*  Nonauarept Ihltl 

e*k't  i ona  1 1 v atable;  aaaartlva,  bappv-no- 
luckv,  ventoteaomr.  ext  ravened.  thinking: 
( va  . en>)  tonal  Iv  ) oriented;  Independent; 
leaa  neurotic;  good  leader 

Hale  Suirapt tble* 

tender-winded,  abrrrwl  , dtacreet 

Fr-wale  Nonauarept Ihl ea 

abrewd . ael  t -aaaured  , relaxed,  ad mated 
(lea*  anitoua).  dtacreet,  leaa  neurotic, 
*o.«d  leader 

Female  Soacept thlea 

l enderwtnded 

All  Nonaoai ept 1 M e* 

ena-  all.  atable,  vent  ureaoa* ; aelt 

aae  red  . re  lean!,  arioa’ed  ilea*  tMlvna  1 
1 1<  I nk  Irr*  iv*  e**<i  t onal  1 -.  ' or  lent  ed  tea* 
neorot  !■  . . ».«d  leader 

All  Suarept  tb lea 

t endet  ml  >ided  • > * lei  l tvt 

Alt  Men 

a**ert|ve  *.>11**'  winded  eaper  taem  In* 
a'  ton*  *elt -concept  1'  Ink  In*  tv* 
eWnt  tonal  1 v'  oriented,  Independent 
|e«*  ne-irot  Ic  . *.<«l  lead*'  a.  adewl. 
a<  b lever • 

All  Woawn 

tenderwlnded  e'  reret  d|a<re*'  ■ ' 1*1  t (ve 

./■  >1 
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I'liH  KK  t.  Mean  st i*ii  values  for  primary,  secondary,  ami  criterion  snuvs  on  the  ltl  1*1  test 


i1  rnl  had  factors  in  common  with  women  (lender 
minded,  subjective).  The  Hi  I’F  raw  scores  were 
converted  by  tlsinjr  established  regression  weiolu.s 
to  predict  raw  scores  on  the  masculinity  scale 
of  the  ( on  I ford  Zimmerman  Temperament  Sur 
voy.  Nonsiiscepl  ihle  individuals  laid  signif- 
icantly higher  scores  (more  mascline)  than  did 
susceptible  indiv  iduals  in  both  the  male  (//<.o|) 
and  female  <//<.! >.'» ) groups. 


IV.  Discussion. 

\n  this  study,  t he  Floor  Ataxia  Test  Hattcrv 
was  the  only  lest  related  in  a classical  or  direct 
sense  to  vestibular  functioning’.  Individual- 
who  evidence  dramatic  ditl’crcnees  in  the  mani 
festal  ion  of  motion  sickness  misrhl  be  expeeteil 
to  diller  in  their  responses  to  the  subtests  in  tin- 
battery  1 localise  both  motion  sickness  and  tin 
ataxia  tests  are  direcllv  dependent  on  vcstibului 


functioning.  Moreover,  other  investigators' 17 
have  suggested  that  susceptible  and  nonsuscep- 
t i I ile  individuals  may  perform  differently  on 
equilibrium  tests.  Our  data  do  not  support  this 
contention,  although  they  do  agree  with  previous 
reports  indicating  that  men  perform  better  than 
women  on  these  tests.  It  should  be  noted  that 
other  direct  manifestations  of  vestibular  func- 
tion. such  as  duration  and  magnitude  of  both 
nystagmus  and  turning  sensations  to  angular 
stimulation,  have  also  shown  no  relationship  to 
motion  sickness  susceptibility.1* 

Some  significant  relationships  between  motion 
sickness  susceptibility  and  personality  or  psycho- 
logical factors  were  obtained.  The  State  Trait 
Anxiety  Inventory  (STAI)  measured  both  trait 
anxiety,  a persistent  personality  characteristic, 
and  state  anxiety,  a temporary  characteristic 
prone  to  frequent  fluctuations.  Susceptible  in- 
dividuals had  significantly  higher  trait-anxiety 
scores:  they  also  had  significantly  higher  state- 
anxiety  scores  following  a period  of  exposure  to 
rotation  than  did  nonsusecptihles.  Although  the 
rotational  stimuli  used  was  a type  that  usually 
does  not  induce  motion  sickness,  the  fact  that 
most  susceptible  subjects  were  disturbed  by  it 
emphasized  the  high  degree  of  siisceptihilit v of 
this  particular  group.  Since  prerotat ional  state- 
anxiety  scores  did  not  differ,  it  is  proposed  that 
the  vestibular  stimulation  produced  by  the  rota- 
tory device  triggered  the  dormant  anxiety  pre- 
disposition (trait  anxiety)  in  susceptible  subjects 
as  was  evidenced  by  elevated  post  rotational  state 
anxiety  scores  and  some  feelings  of  malaise. 

Although  alertness  and  axiety  may  be  sepa- 
rate rtruropsvchophvsiological  entities,  they  may 
work  in  a highly  correlated  fashion  in  indi 
viduals  susceptible  to  motion  sickness.  For  in- 
stance. the  high  t rait -anxiety  predisposition  of 
sttsccpf  iblc  individuals  might  be  quickly  expressed 
in  stressful  motion  environments.  The  elevated 
anxiety  level  could,  in  turn,  heighten  subjective 
alertness,  which  has  been  shown  to  accentuate 
some  vestibular  responses.'  This  interrelated 
system  could  become  self  perpetuating  in  motion 
environments  because  of  the  tendency  of  increased 
vestibular  activity  to  accentuate  the  development 
of  anxiety. 

'The  results  from  the  Cornell  Medical  Index 
((’.MI)  indicated  that  susceptible  individuals  re 
ported  significant ly  more  physical  and  emotional 


difficulties  than  did  nonsusceptibles.  According 
to  the  CM  I test  manual,  many  individuals  in 
the  susceptible  group  would  be  suspected  of  hav- 
ing a medically  significant  disturbance.  More- 
over. a significant  difference  between  susceptible 
and  nonsusceptible  individuals  was  also  evi- 
denced by  scores  on  the  Cornell  Word  Form. 
In  this  instance,  nonsusceptible  individuals  had 
significantly  fewer  indications  of  potential  neuro- 
psychiatrie  or  psychosomatic  disturbances.  Care 
should  be  exercised  in  interpreting  this  signif- 
icant difference,  however,  because  the  susceptible 
subjects  did  not  have  abnormally  high  scores. 

7 he  results  from  the  Fysenek  Personality  In- 
iciitory  (KIM)  indicated  that  nonsusceptible  in- 
dividuals were  significantly  more  ext  ravel  led 
and  less  neurotic  than  suseeptihles.  Again,  the 
scores  did  not  suggest  that  suseeptihles  were  ab 
normal  in  either  respect.  Although  the  KIM 
indicated  that  nonsusceptibles  were  more  ex- 
tra verted.  this  tendency  was  not  expressed  in 
scores  on  Rotter’s  Internal  Fxternal  Locus  of 
Control  Scale. 

In  summarizing  scores  on  the  16  PF  test,  it 
can  be  generally  concluded  that  nonsusceptible 
individuals  tended  to  be  scored  as  tough  and 
uggresive.  Ill  some  ways,  these  descriptors  are 
suggestive  of  stereotypical  male  behavior:  the 
results  of  other  tests,  on  which  nonsusceptibles 
scored  significantly  higher  than  suseeptihles  in 
masculinity  ratings,  support  this  general  descrip 
t ion. 

Moreover,  a basic  conclusion  that  may  be 
drawn  from  the  16  PF  test  as  well  as  from  most 
of  the  other  tests  in  this  study  is  that  notisiis 
ceptihle  individuals  may  be  better  prepared  to 
cope  in  a nonemot ional  manner  with  stressful 
situations,  whereas  susceptible  individuals  may 
be  more  likely  to  manifest  emotional  responses 
in  the  same  situations.  In  short,  it  appears  that 
suseeptihles  are  more  likely  to  have  an  autonomic 
nervous  svstem  response  to  stress,  be  it  a mental 
or  a physical  fe.g’..  vestibular)  stressor. 

Results  across  the  battery  of  psychological 
tests  used  in  this  study  seem  quite  consistent. 
That  thev  show  such  consistency  in  significantly 
distinguishing  susceptible  from  nonsusceptible 
people  probably  reflects  the  selection  factors  used 
in  defining  the  two  groups.  The  vast  majority 
of  previous  studies  used  av  iation  or  naval  cadets 
as  subjects  and  defined  susceptibility  in  opera 
t ional  terms:  i.e..  by  those  who  became  motion 
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sick  (luriiijr  training  or  in  laboratory  devices. 
Such  groups,  however,  were  likely  to  exclude 
highly  susceptible  people,  were  virtually  all  men, 
and  would  have  already  been  screened  in  medical 
examinations  for  psychological  and  physical 
abnormalities.  Moreover,  a precipitating  cause 
of  sickness  in  these  military  studies  could  well 
have  been  situation-specific  anxiety  and  the  fear 
of  failure,  in  meeting  occupational  requirements 
that  is,  fundamental  factors  that  might  underlie 
pervasive  susceptibility  to  motion  sickness  might 
not  be  consistently  manifested  by  those  who 
demonstrate  relatively  situation-specific  sickness 
or  who  suffer  motion  sickness  only  occasionally. 
One  would  expect  that  tests  on  less  extreme 
groups  than  those  list'd  in  this  study  would  re- 
sult in  weaker  and  less  consistent  relationships 
between  personality  factors  and  motion  sickness 
characteristics. 

As  a final  point,  the  personality  characteristics 
that  distinguish  our  highly  susceptible  and  non- 
susceptible  subjects  are  not,  of  course,  universally 
generalizable.  Thus,  not  all  anxious,  intro- 
verted individuals  are  highly  susceptible  to  mo- 
tion sickness,  and  not  all  masculine,  extraverted, 
calm  individuals  are  nonsusceptible. 


References 

1.  Birren,  .1.  K. : Psyehophysiologioal  Studies  of  Motion 
Sickness.  Dissertation,  Northwestern  t’niversit.v, 
Evanston,  Illinois,  1047. 

2.  iirodnian,  K„  A.  .1.  Erdmann,  ,lr.,  and  il.  (i.  Wolff: 
Ponielt  Mrilieat  Imlij • Health  Questionnaire  Manual, 
New  York,  Cornell  Cniversity  Medical  College,  1i)4i). 

Cattell,  It.  It.,  II.  W.  Elier,  and  M.  M.  Tatsuoka : 
Handbook  for  the  Sirtien  Personal  i I p l-'artor  Ques- 
tionnaire ill!  Champaign,  Illinois,  Institute  for 
Personality  and  Ability  Testing,  11170. 

1.  Collins,  \V.  E. : Arousal  and  Yestilmlar  Ilaliitna- 
tion.  In  Kornhnlier,  II.  II.  (Ed.).  Hantlhook  of 
Seimor/i  Phpsioloi/p,  Volume  17.  Vestibular  Spslnn, 
Part  Pspehopli {mien,  Appliea  [sprits  ami  lirneral 
Interpretations.  New  York,  Springer -Verhlg,  Chapter 

vi,  sm-stis,  1071. 

0.  Dohie,  T.  <!.:  Airsickness  During  Flying  Training. 
tn  A(JAItl)  Confcrt'liee  Proceedings  No.  til.  1000. 

ti.  Eysenck,  II.  ,1.,  and  S.  It.  (!.  Eysenck:  If  pm  nek  Per- 
sonatit) / / nrentorp  Manual,  San  Diego,  Edileatioiml 
and  Industrial  Testing  Service,  lints. 

7.  Eregly,  A.  It.,  and  A.  (i  ray  Mel:  An  Ataxia  Test  Mat 
ter>  Not  Iteipiiring  Mails,  AEROSPACE  MEDICINE, 
.'{0 :377  333,  lists. 


S.  tlrayliiel.  A.,  and  A,  It.  Eregly  : A New  Qua nt i ta 
live  Ataxia  Test  Mattery,  ACTA  OTt  I I.ARY.NHO 
I.OtiICA,  til  .ooo-dio,  Haiti. 

0.  (iris*n,  D.  M. : Acroiicu roses  in  a Itonih  'I'raining 
t’nit,  .IDCMNAI.  (IF  AVIATION  MEDICINE,  II: 
373  377,  1043. 

10.  (ins'll,  D.  M. : Airsickness  ill  Momlicr  Crews,  .Itll’K 
N A 1 . OF  AVIATION  MEDICINE,  1 I :3dd  373,  1043. 

11.  (luedry,  F.  E.,  .Ir.,  and  H.  K Ambler:  Assessment 
of  Reactions  to  Vestibular  Disorientation  Stress  for 
Purposes  of  Aircrew  Selection.  In  AtiAKD  Con- 
ference Proceedings  No.  MSI,  1073. 

13.  Harris,  4.  ti.:  Rorschach  and  MMPI  Responses  in 
Severe  Airsickness.  C.S.  Naval  School  of  Aviation 
Medicine  Report  No.  33,  Pensacola,  Florida,  l!Si3. 

13.  KoltenhofT,  IF,  and  I-  E II.  I.indahl : l.alioralory 
Studies  on  the  Psyi'hology  of  Motion  Sickness,  ACTA 
PSVCIMII.OGICA,  1 7 :80— 113,  MKitl. 

14.  Menlz,  .1.  M. : Nystagmus,  Turning  Sensations,  and 
Illusory  Movement  in  Motion  Sickness  Susceptibility, 
AVIATION,  SPACE,  AND  ENVIRONMENTAL 
MEDICINE,  47:031  03f>,  107ii. 

Me  l.entx,  .!.  M.,  and  \V.  E.  Collins:  Motion  Sickness 
Susceptibility  and  Related  Mehavioral  Character 
isties  in  Men  and  Women.  In  l.ent/,  .1.  M.,  mid 
w.  E.  Collins,  Three  Studies  of  Motion  Sickness 
Suseeptihility.  EAA  (Mice  of  Aviation  Medicine 
Report  No.  AM-76-14,  1!)7(i. 

Mi.  I.evy,  '1',:  Dhservatious  on  Air  Sickness,  MI1.ITARX 
SVRC.EON,  03:147  lot,  1043. 

17.  Xlitex,  I..:  New  Factors  in  Migraine,  Motion  Sickness, 
and  Equilibrium : A Cybernetic  Study  of  Equilibrium, 
HEADACHE,  10:31  33.  1070. 

IN.  McMichael,  A.  E.,  and  A.  C.rayhlel : Rorschach  In 
dieations  of  Emotional  Inslahilily  and  Siiseoptihilily 
to  Motion  Sickness,  AEROSPACE  MEDICINE,  31: 
007-11X10,  1063. 

IO.  Money,  K.  E. : Measurement  of  Suseeptihility  to 
Motion  Sickness.  Ill  AtJARD  Confcivnce  Proet'ed 
lugs  No.  100,  1073. 

30.  Moos,  R.  I!.:  Menstrual  IHstress  (put  stionnairi  : Pri 

I i mi  limp  Manual.  Stanford.  Stanford  Cniversity 
School  of  Medicine,  1000. 

31.  Phillips,  I*.  It.,  and  (I  M.  Neville:  "Emotional  (■" 
in  Airsickness,  .Itll  RNAI.  (IF  AVIATION  MEDI- 
CINE, 30:5!KI  .71 13,  ]<|-,s. 

33.  Reason,  .1.  T.,  and  .1  .1.  Mrand : Million  Pirknrs s. 
New  York,  Academic  Press,  107.7. 

33.  Reason.  .1.  T„  and  A.  (irayhiel:  Factors  Contributing 
lo  Molion  Sickness  Suseeptihility  : Adaptability  and 
Receptivity . la  At i A RD  Conference  Proeis'dings  No 
010.  1073. 

31  Reinhardt,  R.  F,  Motion  Sickness  \ Psy  ehopliy  sio 
logic  (iastrointestinn)  Reaction?  AEROSPACE 
MEDICINE,  30  ;Stl3  Ntl'i,  MCtO. 


25.  Hotter.  -I.  P*  . : Generalized  Kxpcetancies  for  Internal 
Versus  Pxternul  Control  of  Reinforcement,  PSYCHO 
UKili  AL  MONOGRAPHS,  S0:1  2S,  1900. 

20.  Kul »i it,  II.  I.:  Air  Sickness  in  a I’riinar.v  Air  Fom* 
Training  I >ctachincnt,  .IOPRNAL  Op  AVIATION 
MKIHCINK,  13  :272  270,  1942. 

27.  Schwab,  It.  S. : Chronic  Scasickiu  ss,  I'MTKb 

STATUS  NAVAL  .MKIUCAI.  lil'LLKTl  N,  10  :923 
930,  1942. 

2.X.  Spielhcrger,  P.  I K.  L.  Gorsuch,  and  It.  K.  Lushciic : 
STM  Manual  for  tin  Staff  Trait  l nrittf / /nrtntoru. 
|*al<>  Alto,  Consulting  Psychologists  Press,  1970. 

29.  Stebbius,  P.  L.  : New  Therapy  of  Motion  Sickness, 
AKROSPACK  MKMCINti,  .*{7:1X0,  19ti0. 

;{o.  Tyler,  I >.  II.,  and  P.  Bard:  Motion  Sickness,  PIIYS1 
OLOGICAL  RKVIKWS,  29:311  309,  1919. 


31.  Wendt,  (i.  It.:  Of  What  Importance  \iv  Psv.lio 
logical  Paetors  in  Motion  SicknessV  .lolltNAL  o| 
AVIATION  MLIHriNK,  19  2 ft  33.  191V 

32  Wilding,  .1.  M..  and  It.  Meildis  A Note  on  personalit.v 
Correlates  « »f  Motion  Sickness,  p.ltlTISII  .lol  ItNAI. 
op  PSYCHOLOGY,  021:019  020,  1972. 

3.3  Wltwer,  It  G. : Airsickness,  I'NPI'KO  S'FATPS 

NAVAL  MKIUCAL  Bt'LLKTIN.  43:34  30,  1944 

31.  /.werling.  I.:  Psychological  Paetors  in  Suseeptlhllit> 
to  Motion  Sickness,  .lolltNAL  OP  PSYCHOLOGY. 
23:219  239,  1917. 

3.” . Zwerling,  I A Note  on  Wendt's  Views  of  the  I in 
port  a nee  of  Psychological  Paetors  in  Motion  Sickness, 
.lol  ltNAL  OP  AVIATION  MKOICINK.  20:0X  72, 
1949. 


